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ABSTRACT
The advent of modem "big science" brings about a new kind of research formation: 
multi-institutional collaborations involving teams of researchers from several organizations. 
Despite their recent proliferation and visibility, no general classification of these "virtual 
organizations" exists. This study adopts a macrosociological, comparative perspective to 
develop a variety of classification schemes that capture the systematic variation of 
interorganizational collaborations in science along basic structural dimensions and to examine 
the relationships of these classifications with important sociological outcomes.
Qualitative, historical analysis of collaborations in high-energy physics, space science, 
and geophysics showed that, when we set aside field-specific differences, seven general 
dimensions emerge as fundamental in describing the structural variety of collaborations in 
science: project formation, magnitude, organization and management, interdependence, 
participation, communication, and technological practice. Cluster analysis was then employed 
using interview data from 23 recent collaborations in five new areas of physics and allied 
sciences to build classification schemes along these structural dimensions. Next, analysis of 
variance models and qualitative comparative analysis were used to explore how the 
classifications relate to valued sociological outcomes such as success, trust, conflict, stress, and 
documentary routines.
The empirical results strongly supported the central argument that a typology based on a 
broad conception of technological practice is superior to others in its ability to predict the 
patterned consequences of multi-institutional collaborations in science. In fact, it is the only 
clustering that is capable of explaining perceived success, trust, and stress. The major findings 
of the dissertation research suggest that it is necessary to move away from the narrow focus on 
the laboratory and the disciplinary organization of R&D in order to capture the structure and 
process of emergent forms of social organization in contemporary science.
xii
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CHAPTER ONE 
INTRODUCTION AND SUMMARY
Teamwork is an indispensable feature of modern science. This fact has been 
recognized in sociology of science as early as the 1960s. Hagstrom, for example, argues that 
group work is necessary, since each scientist is dependent on the work of others (Hagstrom 
1964). At the same time he distinguishes two forms of such collaborative research-the 
traditional and the modern. The former is typically represented by the professor-student 
association. The latter is embodied in a more complex form of organization, involving a more 
intricate division of labor and greater centralization of authority.
In Hagstrom's opinion three factors necessitate such collaborative arrangements: 1) 
scientific facilities are becoming much more expensive; 2) modern techniques and instruments 
require skills, which cannot be provided by a single individual; 3) more research is done in 
interdisciplinary areas (Hagstrom 1964, p. 251). It is also noteworthy that group work is much 
more frequent in physics than in other branches of science.
The trend has become increasingly common in the age of "big science", which is 
associated in physics with the rapid expansion of its scale, scope, and manpower in the half 
century from the 1930s through the 1980s (see Galison 1992, p. 2). Previous research in social 
studies of science (a.k.a. Science and Technology Studies or STS) has largely focused on 
separate case-studies, while organizational sociology has neglected interorganizational 
arrangements in science at the expense of those in production and non-profit sectors. Thus, 
beyond the knowledge that substantial variation in interorganizational or, as I will call them, 
multi-institutional collaborations (MICs) exists, we lack a clear understanding of how 
collaborations vary and what the sociological consequences of this variability are.
The necessity to fill this gap provides the main theoretical motivation for the dissertation. 
Hence, the objectives of the present research are: (1) to identify the most important structural
1
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2
dimensions of MICs; (2) to create a set of typologies based on these dimensions; (3) to discover 
how these typologies affect valued sociological outcomes of collaborations in science; (4) to test 
whether there is a classification(s) superior to others in its predictive power, and (5) to find out 
what combinations of structural features of interorganizational scientific collaborations lead to 
what outcomes. More specifically, to achieve the goals of the study answers to the following 
research questions will be sought:
Can we distinguish clear-cut types of multi-institutional collaborations in physics?
Are there field-specific differences in those collaborations with respect to particular 
organizational, social, and technological dimensions?
What are the reasons for such differences (if they exist)?
• Are there specific factors that determine types of collaborative projects?
How are types of multi-institutional collaborations related to important outcomes, such as 
success, trust, conflict, stress, and documentary practice?
• Is there a dominant typology based on a certain structural dimension that is particularly 
powerful in predicting these outcomes?
Do configurations of structural characteristics of collaborations have patterned 
consequences with respect to these outcomes?
The focus of the study will be on multi-institutional collaborations, and not just on any 
type of co-operative experiment or project. Multi-institutional collaborations are defined as co­
operative arrangements that include three or more organizations (AIP 1992a, p. 3). The term 
"interorganizational collaborations" will be used interchangeably with "multi-institutional 
collaborations." The present research will focus on such "temporary" or "transient" organizations 
in American physics.
Large-scale projects, involving more than two universities and/or laboratories are not a 
new phenomenon in physics. The quintessential example of multi-institutional collaborations is 
the massive effort to produce the first atomic bomb during World War II. As Kevles points out,
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
this mission-oriented project, which involved researchers from several universities and 
laboratories, was a precursor to the large-scale development of high-energy physics. By the 
spring of 1945 the Los Alamos scientific and technical staff had grown to well over two thousand 
people (Kevles 1978).
Interorganizational collaborations are not confined to particle physics or high-energy 
physics. Astronomy, as part of space science, has been a "big science" and a largely co­
operative effort for decades even before the age of government largess (Tatarewicz 1990). 
Ionospheric physics is a subfield of geophysics involving large-scale research of a collaborative 
nature, e.g. during the International Geophysical Year, 1957-1958. A model for multi- 
institutional collaborations was the philosophy and practice of the World Data Centers (Gillmor 
1986). Oceanographic research has also required large collaborations of multiple organizations. 
Five of the best-known multi-institutional projects in oceanography-CLIMAP, MODE-1, 
GEOSECS, CEPEX, and MANGANESE MODULES, were completed during the late 1960s up to 
the late 1970s (Mazur and Boyko 1981).
In spite of the fact that the existence of collaborative ventures in science is fairly well 
documented, a typology of these collaborations has not yet been developed. One major problem 
is what dimensions should be utilized in constructing such a taxonomy. In this research several 
groups (blocks) of independent variables will form the dimensions of a typology/typologies of 
interorganizational collaborations in physics: project formation and composition, magnitude, 
organization , interdependence, participation, communication, and technological practice. In 
the present study the criterion (or dependent) variables will be perceived success, conflict, trust, 
stress, and record-keeping and archiving, since it is important to see how records are generated, 
kept and used.
Three data sets will provide the information necessary to build a typology of 
collaborations in physics. They are all a result of data-collection during a long-term study of 
multi-institutional collaborations in physics and allied sciences, which began in 1989 and was
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
4
conducted by the Center for History of Physics of the American institute of Physics. The most 
extensive use will be made of the data set from the third phase of this study. The other two sets 
will be utilized for comparison purposes only.
The units of analysis in this research are the multi-institutional collaborations 
themselves. The main analytical method, appropriate for constructing a typology, is cluster 
analysis. Analysis of variance will be applied to determine whether there are significant 
relationships between the typology/typologies and the dependent variables. Qualitative 
comparative analysis is used as the third main analytical method, since it allows examination of 
the causal structure of conditions (input variables) behind particular outcomes.
The logic of the analysis determined the structure of this dissertation. Chapter 2 begins 
with the observation that a number of studies by historians, sociologists, and anthropologists 
have demonstrated that the investigation of MICs is important for understanding of processes 
involving external relationships, consensus formation, and cultural construction. In a broader 
sense MICs are also important sociologically because modern production and services have 
increasingly become knowledge-based, with new knowledge often created as a result of 
collaborative endeavors. What we need now is a "middle-range" theoretical framework based on 
a systematic comparative study of a variety of interorganizational collaborations in science that 
will reveal the common structural and cultural properties of these "virtual organizations" and 
explain how these properties relate to socially important outcomes.
Efforts in that direction have just begun in social studies of science. The most important 
work on collaborations in this field has been done by Zabusky, Knorr-Cetina, and Schild. What 
these studies share is a microsocial focus, qualitative methodology, a cultural-anthropological 
orientation, a case-study approach, an emphasis on a single location (ESA, CERN, ocean-going 
vessels), and on a single research specialty (space science, high-energy physics, polar 
research). They discuss a number of dimensions (organization, size, origin, leadership, 
communication, technology) and social processes (collaboration as work, social integration,
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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community-building, negotiation, collective knowledge) that characterize scientific collaborations. 
Theoretically, the most sophisticated of these is Knorr-Cetina's work, which tries to advance a 
new theoretical scheme that views big experiments in HEP as post-traditional communitarian 
formations with collective consciousness and object-centered management.
Although these studies are useful for a sense of the important variables that describe 
scientific collaborations, they suffer from the following weaknesses:
insufficient examination of structural characteristics at the expense of cultural processes; 
unrepresentativeness and lack of generalizability (two of these works focus on a single 
collaboration, and the third on seven; all of them study only European collaborations in 
one field of science);
focus on a particular location instead of multiple locations-a more typical situation for 
MICs in many fields;
failure to distinguish factors in order of importance (multiple factors like communication, 
division of labor, work as a process, technology, negotiation, size are all considered 
equally "crucial");
inability to systematically codify the proposed theoretical concepts;
neglect of the relationships between properties of collaborations and their outcomes.
I argue that in order to construct a sound theoretical framework we need to place greater 
emphasis on a structural, macrosociological, comparative, and quantitative analysis of MICs and 
their consequences. The first step is to systematically study the variation in forms of 
interorganizational collaborations by constructing multiple typologies along basic structural 
dimensions.
Traditionally, this kind of systematic, structural analysis has been the domain of 
organizational research. Regrettably, although there is a vast literature on interorganizational 
relations, organizational studies have largely ignored MICs as objects of inquiry, and have 
focused instead on production, service, and non-profit organizations. A review of this body of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
research shows that while there is no widely accepted typology, certain structural characteristics 
of organizations emerge as essential: size, complexity, decision-making, technology, control, 
composition, dependence, uncertainty. Some of these dimensions are incorporated in two 
structuralist typologies that specifically target R&D establishments (Whitley 1984; Shrum and 
Morris 1990). These classifications and prior results from the first two waves of the long-term 
AIP study of MICs in physics constitute the foundation for the development of multiple 
taxonomies of interorganizational collaboration.
The typologies, however, are of limited value in the abstract. They acquire theoretical 
significance insofar as we link them to explanations of how collaborations in science emerge, 
how they function, why they are organized in various ways, and how they are related to 
important sociological consequences (success, conflict, trust, stress, documentary routines).
Two theoretical perspectives from organizational studies (resource dependence theory and 
garbage can theory) and the conceptual insights from social studies of science will facilitate the 
establishment of these links. None of them, however, can generate codifiable hypotheses 
regarding whether there is a single typology that best explains the social organization of MICs 
and best predicts their outcomes. I argue that, for a variety of reasons, such typology would 
most likely be one based on a broad understanding of technological practice. It is my belief, 
however, that this issue can and should be resolved empirically. In short, by bridging social 
studies of science and organizational theory I attempt to overcome the shortcomings of both and 
contribute to the development of an emerging theoretical explanation of MICs through a 
systematic analysis of the most extensive data on scientific collaborations to date.
The study design, data and methods of analysis are discussed in Chapter 3. The 
dissertation utilizes a cross-sectional study design to create typologies of MICs in science and to 
examine how types of collaborations and configurations of their structural traits are related to 
valued outcomes of scientific practice. The data come from a three-phase study of scientific 
interorganizational arrangements conducted over a ten-year period by the AIP. The present
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
research relies heavily on primary data analysis of survey interview information from phase III 
and on selective secondary analysis of summarized data from phases I and II. Overall, the 
three-wave AIP study provides the most comprehensive empirical information on MICs to date. 
Close to 300 interviews on 19 selected experiments in high-energy physics were conducted in 
the first phase. The second phase expanded the data base to include almost 200 interviews on 
6 collaborations in space science and 8 projects in geophysics and oceanography. The 
summary thematic files from the first two legs will primarily be used in the identification of 
dimensions for systematic analysis.
The bulk of the analysis will be carried out on the data set from the third stage. This 
stage, unlike the first two, was specifically geared toward collecting systematic, comparative 
information on typological dimensions of collaborations. The findings from the qualitative 
analysis of MICs in the first two phases were used to extract general typological dimensions.
The latter were operationalized and incorporated directly into the design of the questionnaire for 
phase III. Face-to-face interviews were then conducted with 78 scientists from 23 collaborations 
in 5 areas: uses of accelerators (n=6 collaborations); ground-based astronomy (n=7); materials 
science (n=4); medical physics (n=3); computer-centered research (n=3). The instrument was a 
structured questionnaire, including both fixed and open-ended items. Altogether 96 variables 
within 12 broad categories were operationalized in closed-ended questions. Once the data were 
collected, coded and cleaned, the individual records were aggregated to create a "collaborations 
file" with 23 units of analysis to be used as a primary data source in the subsequent analysis.
The dependent (endogenous^ variables in this study form five groups of indicators: 
performance, trust, conflict, stress, documentary practice. The independent (exogenous) 
measures consist of a multitude of indicators that fall into the seven structural dimensions 
derived for clustering of collaborations: project formation, magnitude, organization and 
management, interdependence, participation, communication, and technological practice.
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Four types of analytical methods will be used. Univariate and bivariate descriptive 
statistics will serve a limited purpose—to provide a picture of the initial distribution and simple 
association of variables. Cluster analysis will be performed to construct typologies of MICs 
along the seven structural dimensions. A standardized distance measure based on squared 
Euclidean distance and Ward's method of agglomerative, hierarchical, nonoverlapping clustering 
will be employed. One-factor analysis of variance models with post-hoc multiple comparisons 
(the Tukey-Kramer HSD test for unequal groups) will test for significant relationships between 
type of MIC and the criterion variables. Qualitative comparative analysis will establish which 
structural variables and in what combinations predict what outcomes of interorganizational 
collaborations in science. The main limitation of the data is that theoretical sampling was used 
to select observations. Possible selection bias will be minimized by applying the split-half 
technique.
Chapter 4 examines in detail the typological characteristics of interorganizational 
scientific collaborations. The set of seven structural dimensions that was derived on both 
theoretical and empirical grounds constitutes the conceptual foundation to be used for building 
typologies of multi-institutional collaborations in science. The first dimension—project formation. 
is important since it sets the tone for the later organizational, social, and intellectual evolution of 
collaborations. Interorganizational projects form for a variety of reasons. In some, one sector is 
dominant. Others encompass academic, governmental and private sectors. The roles of pre­
existing relationships and funding agencies may differ a great deal across fields. Nevertheless, 
one overriding theme in the inception of collaborations is the need to pool resources that are not 
available within any single organization in order to achieve a common goal. Thus, resource 
dependence theory holds the greatest promise of explaining how and why collaborations in 
science emerge. On a more empirical level of analysis we find that in the majority of projects in 
our sample there was a dominant sector, and they were largely built on pre-existing 
relationships. Furthermore, project formation is associated with hierarchy of authority-academic
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origins lead to more rather than less bureaucratic projects. With respect to their formation, 
collaborations cluster by field and group into four distinct types: unisectoral-academic (ground- 
based astronomy and computer-centered research); "brokered" (represented by only two 
projects); multisectoral with no dominant sector (uses of accelerators); "non-brokered" 
multisectoral (materials research).
The variety in origins of MICs is matched by variety in their magnitude. Moreover, origin 
often bears upon constitution, duration, and expansion. The latter, in turn, might have 
discernible consequences for the social relationships within the collaboration such as conflict 
and consensus. Magnitude as measured by size (number of participants), institutional diversity 
(number of organizations), cognitive heterogeneity (number of teams), and duration does not 
differentiate collaborations by field in our sample. Three distinct types of projects were found: (1) 
long collaborations, which are usually of medium size; (2) large collaborations, which commonly 
have short periods to both funding and first publication of results; and (3) small collaborations, 
which have the shortest period to funding and greatest cognitive homogeneity. Project 
magnitude covaries notably with sectoral composition—university collaborations exhibit less 
institutional diversity and more cognitive homogeneity than multisectoral projects.
Size and duration might be expected to have an impact on the organization and 
management of scientific collaborations as well. It is well-documented that larger and "older” 
establishments have a propensity to become more complex and bureaucratic. This is also the 
case for the interorganizational collaborations in the five fields under investigation.
Organizational variables showed a high incidence of intercorrelation, which allowed the 
construction of four indices after factor analysis-formalization, hierarchization, administrative 
management, and scientific management. These constituted dimensions for cluster analysis, 
resulting in three distinct types of projects: the bureaucratic collaboration (n=11); the semi- 
bureaucratic collaboration (n=6), and the non-bureaucratic collaboration (n=5).
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What stands out is that half of the projects in our sample belong to the first category.
This casts serious doubts on the assertion of some authors in STS that collaborations in science 
are essentially loose temporary organizations, with a great deal of flexibility, an absence of 
central authority, and predominance of informal relations. Another noteworthy result is that, 
although the organizational typology yielded the clearest clustering solution in terms of within- 
group homogeneity and between-group heterogeneity, it was not field specific, which has 
important policy implications.
The way interorganizational projects are organized and managed often parallels the 
degree to which teams within the project work together or coordinate their efforts. This aspect of 
collaborations is captured in our model by another structural dimension—interdependence. Thus, 
data-sharing, the autonomy of individual teams with respect to instrumentation, and the analysis 
of joint data distinguish collaborations in terms of their social formations. The analysis 
demonstrated that, according to their degree of mutual dependence, collaborations cluster by 
field. Five clusters were distinguished, but two of these are marginal, having only one member 
each. The three main types are: the "autonomous" collaboration (computer-centered research 
and the majority of accelerator-based projects), which had both low instrumental and low 
analytical interdependence; the "unbalanced" collaboration, which was characterized by high 
instrumental and low analytical interdependence; the "interdependent" collaboration (ground- 
based astronomy), which was the opposite of the first type.
Mutual dependence within the collaboration expresses the degree to which research 
groups are integrated into a community. Another mechanism for such integration is the type and 
extent of participation. From that point of view most collaborations did not form a coherent social 
unit-the majority of principal scientists were involved part-time and for only half of them the 
project was of central interest. One third of the MICs were international. While the number of 
graduate students was fairly small, most of them participated to a high degree. Institutional 
diversity, cognitive heterogeneity, and multisectoral composition were all positively associated
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with degree of graduate student participation. Unlike interdependence, clustering by 
participation did not show a field-specific pattern. Five types of interorganizational projects were 
found: the "uncommitted" collaboration, where the project was of secondary importance to the 
main collaborators; the graduate student-oriented collaboration; the international collaboration, 
and two marginal types - one with exclusively full-time involvement and one where there was 
pressure from the home organization.
The fairly low degree of integration of research groups into a collaboration-wide 
community as manifested by the analysis of interdependence and participation was further 
confirmed when communication was examined. The dimension is a generalized concept that 
combines both communication within the MIC and its interaction with outside agencies and the 
general public. Informal communication was by far the prevalent mode. Most teams 
communicated with each other and with the lead center infrequently-once a month or less. 
Although three fifths of the projects had a communications center, external communication of 
results was generally not managed by the collaboration. Most projects attracted public attention, 
but less than one fifth had a public relations office. Bivariate analysis showed that the 
designation of an administrative leader was positively associated with public exposure, but 
negatively related to management of publication and presentation of results. Field did matter for 
communication clustering of collaborations. The classification along three composite variables 
measuring aspects of communication—communication openness, communication control, and 
communication formalization—yielded three clear-cut types: the uncontrolled informal type, which 
included ground-based astronomy and materials research; the open formal type; and the 
controlled type, which was represented by accelerator and computer-centered collaborations.
The central argument of the dissertation is that a broad conception of technological 
practice as instrument construction and utilization is crucial to our knowledge of how 
collaborations vary and what the patterned consequences of this variation are. I define 
technological practice broadly in order to subject this argument to empirical scrutiny. Univariate
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and bivariate analysis lead to two conclusions: (1) MICs in the five areas of interest are heavily 
instrumental, and (2) Organization and management of collaborations reflects their technological 
practices-hierarchically run projects tend to have less team control over analytical topics, more 
frequent checking of results, but also greater analytical problems due to time pressure. Four 
factors were used to calculate proximities for the clustering solution, which produced the 
following typology: managerial collaborations, characterized by analytical management and 
stability in instrumentation; decentralized collaborations, where topics were controlled by 
independent teams; noninstrumental collaborations, whose primary distinction was that they did 
not design, build, or subcontract the construction of equipment, and routine collaborations, 
whose distinguishing features were low innovation and coordination of results. Again, projects 
did not cluster by field along the technological practice dimension.
Finally, the findings from the previous classification schemes were integrated to arrive at 
a multidimensional typology. Each of the seven structural dimensions was represented by one 
factor, which was selected according to its ability to discriminate among clusters on a given 
dimension in terms of mean differences. The ensuing multidimensional typology turned out to be 
both field and subfield-specific. The following types of collaborative projects emerged: the large 
formal type, which was publicly visible and incorporated instrument-building, ground-based 
astronomy projects; the multisectoral type, which was instigated by several sectors and had 
medium values on most variables (uses of accelerators and medical physics); the small informal 
type, which included ground-based astronomy projects using existing facilities and computer- 
centered collaborations; the interdependent type, which apart from high instrumentation 
interdependence, also had academic origins and high degree of commitment of the participating 
scientists.
Chapter 5 begins with the statement that the classification schemes developed in 
Chapter 4 become theoretically and practically significant, if they are shown to have the ability to 
predict important sociological outcomes. Contemporary scholars have distinguished
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performance, trust, conflict, stress, and documentary routines as crucial aspects of knowledge 
production.
Success or performance is the most valued outcome of science, the criterion in terms of 
which projects are justified and evaluated. Three measures of performance are of special 
interest in this research-perceived success, timeliness of completion, and cost-effectiveness. 
The general positive judgement of MICs as "successful" was related only to the typology based 
on technological practice. Decentralized projects were viewed by their participants as 
significantly more successful than managerial and routine collaborations. Decentralized MICs 
are the most instrument-focused and have the lowest degree of central management of topics for 
analysis (or alternatively the highest analytical team control). QCA did not show any clear 
pattern for successful projects, except for the fact that style of decision-making was not 
correlated with success. The "unsuccessful” collaboration, however, in the majority of cases 
comes as a result of a combination of four causes: multisectoral composition, small size, lack of 
both formal contracts and division of authority. None of the structural classifications could 
predict whether MICs would be finished on time or within budget. Nonetheless, while no distinct 
causal configuration was related to timeliness of completion, two configurations accounted for 
almost all cost-effective projects. QCA also demonstrated that large-size projects are most likely 
to exceed the approved budget.
Trust is required of all systems of knowledge production. In collaborations, it is not 
merely the identification of trusted associates at the beginning but the continual reliance on 
mutually agreed objectives, practices, technical alterations, and project deadlines that makes 
trust such an important factor for the duration of the project. ANOVA results show a relationship 
between the technological categorization and trust toward other researchers. In particular, 
managerial collaborations had substantially lower trust than the other three types. Central 
management of topics for analysis and extensive cross-checking of results seemed to contribute 
most to the lower level of trust among participants in managerial MICs. Two configurations of
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structural conditions predict high trust toward other researchers in the vast majority of projects, 
the prevalent combination being existence of formal contracts and multisectoral composition. 
Consensual style of decision-making is associated with high trust and hierarchical style-with low 
level of trust. Trust toward the project management was especially high in projects with 
consensual decision-making and lack of disagreement with leadership.
Scientists engaged in interorganizational research collaborations are often exposed to 
high levels of stress for a variety of reasons, one of which is the pressure to perform within tight 
time constraints. Again, the technological typology was the only classification scheme that 
significantly predicted the degree of such stress. Reported stress caused by deadlines was on 
average higher in managerial collaborations as compared to the routine type. This is largely due 
to the higher central management of analytical topics and results checking in the former.
Conflict can be both disruptive and stimulating for the social fabric of multi-institutional 
collaborations. Conflicts may arise over resource use, differences in technical approaches, task 
dependencies, allocation of credit and timelines, as well as between categories of people- 
separate research teams, researchers and project management, junior and senior members, 
scientists and engineers. The analysis focused on this last aspect of disagreements.
Of all the classifications, only the one based on technological practice was significantly 
related to conflict between teams. Managerial collaborations had more serious conflicts than 
routine collaborations, mainly due to the more centralized management of analytical topics, 
greater time pressure, and more extensive results checking in the former. The conditions most 
often associated with conflict were: formal contracts, low institutional diversity, long duration 
before funding, and hierarchical decision-making .
Conflict between researchers and the project management was associated with the 
organizational typology. Bureaucratic projects experienced the highest levels of such conflict, 
followed by semi-bureaucratic and non-bureaucratic projects. The relationship proved to be 
subfield-specific (telescope-building collaborations had a higher degree of conflict than ground-
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based astronomy projects using existing facilities). QCA revealed that formalization and 
especially the presence of well-established rules and regulations were the main source of 
disagreements with leadership. Although conflicts between junior and senior members were 
rare, the multidimensional typology was associated with significant differences. Disagreements 
between these two categories of participants were higher in interdependent collaborations than 
in multisectoral and small informal collaborations. Similarly, the seven variable multidimensional 
classification predicted conflict between scientists and engineers-large formal collaborations 
had significantly higher levels of such conflict than any of the other three types. Here the most 
notable difference is between telescope-builders (high conflict) and telescope-users (low conflict) 
in ground-based astronomy. The typology based on magnitude was also able to differentiate 
projects in terms of conflict between scientists and engineers. Long projects were more prone 
to reveal such disagreements than both large and small collaborations.
Documentary practices are the generation of inscriptions essential for the work 
organization in MICs. In the form of the artifacts produced they also constitute the "social 
memory" of collaborations in science. Quality of core records and dispersion of core records are 
considered important measures of documentary routines. Quality of records was significantly 
predicted by the organizational typology. Bureaucratic collaborations maintained records of 
higher quality than non-bureaucratic collaborations. Once again, the distinction between 
telescope-building projects (bureaucratic) and ground-based astronomy projects using existing 
equipment (non-bureaucratic) featured prominently. This differentiation was also evident in the 
relationship between the multi-dimensional classification and records quality. Large formal 
projects (telescope-builders) and interdependent projects kept better records than small informal 
collaborations (telescope-users). Qualitative comparative analysis reinforces the finding that 
greater bureaucratization creates records of higher quality.
Dispersion of records was related to only one classification-the technological practice. 
Decentralized collaborations kept records in more locations than managerial collaborations.
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Thus, centralization and bureaucratization of project organization increases the likelihood of 
centralization of records. Additionally, QCA made clear that the combination of long period to 
funding and designation of a scientific leader is most conducive to the preservation of records in 
one or two central locations.
Overall, the central argument of the dissertation was supported by the empirical 
evidence, unequivocally indicating that a typology based on technological practice is superior to 
other classifications in its ability to predict the full range of sociological outcomes. In fact, it was 
the only clustering related to success, trust, and stress.
At the beginning of Chapter 6 I observe that in the ideal scenario we would replicate the 
findings from the third phase on all three phases of the study of MICs. However, due to the 
different (archival) focus of the survey in high-energy physics, space science, and geophysics, 
only one third of the variables overlap across all eight fields. Therefore, comparative analysis 
could be carried out only on a limited scale.
The examination of univariate descriptive statistics showed that, although some fields 
exhibit certain homogeneity (space science, geophysics), there is as much variation within fields 
as there is among fields. Hence, a more fine-grained approach is required. For example, 
ground-based astronomy projects last on average about seven years. However, when we 
disaggregate the field into telescope-building and facilities-using collaborations, we discover that 
it takes approximately eleven years for the first group of collaborators to complete the project, as 
contrasted with two years for the second group. Again, the technological features of 
collaboration seem to be the crucial differentiating factor.
In lieu of following the procedures from the previous two chapters, I focus only on 
multidimensional clustering. Collaborations from all eight fields were clustered along seven 
variables that best represent the structural dimensions in the aggregated three-wave data set: 
degree to which the collaboration was based on "brokered" relationships; institutional diversity 
(number of organizations); formal contracts; instrumental interdependence; commitment;
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communications center; subcontracting. Four types of interorganizational formations were 
distinguished: (1) The bureaucratic, subcontracting collaboration. This type included all space 
science and all telescope-building projects. This type also has a decentralized communication 
pattern and high instrumental interdependence; (2) The non-bureaucratic. nonsubcontractina 
collaboration, which is characterized by low commitment of participants and low "brokerage" in 
its inception. Ten experiments performed in BNL and SLAC, as well as projects in uses of 
accelerators and collaborations using existing facilities in ground-based astronomy are clustered 
here; (3) The bureaucratic, nonsubcontractina type, which also possesses high interdependence 
and high communication centralization. This category is represented by five FNAL experiments 
and half of the geophysics collaborations; (4) The "brokered”, diverse collaboration, which had 
an average of 39 participating organizations. All three members of this class came from 
geophysics. This is the quintessential megacollaboration associated with the advent of "big" 
science.
All in all, the typological analysis in this chapter shows that: (1) Field difference should 
not be overestimated. Rather we should focus on subfield differentiation of collaborations 
(instrument-building vs. instrument-using ground-based astronomy projects or FNAL 
experiments vs. BNL and SLAC experiments); (2) Some general types of MICs seem to persist 
regardless of the disciplinary make-up of collaborations; (3) The technological practice in 
interorganizational projects probably holds the key to how they form, how they are socially 
organized and managed, and how they group together into similar entities.
In the Conclusion the major findings of the dissertation are examined in light of previous 
research on multi-institutional collaborations. The main conclusion is that we need to integrate 
insights from social studies of interorganizational scientific arrangements with organizational 
theory in order to optimize the emergent theoretical framework for description and explanation of 
the most important sociological processes and phenomena that take place in these "virtual 
organizations". Such integration leads to the identification of seven basic structural dimensions
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that capture patterns in the variability of collaborative projects. The systematic comparative 
examination of a number of MICs in a variety of fields demonstrates that, in order to understand 
the sociological outcomes of this recent social form of knowledge production, we need to focus 
more closely on their technological characteristics. This argument also entails that it is time to 
move away from the extensive preoccupation of STS with the laboratory and the disciplinary 
organization of R&D. Finally, the implications of this argument for science policy and future 
research on multi-institutional collaborations in science are briefly discussed.
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RESEARCH ON MULTI-INSTITUTIONAL COLLABORATIONS IN SCIENCE AND 
ORGANIZATIONAL TYPOLOGIES: A THEORY IN THE MAKING
In the present chapter, I examine the state of empirical and theoretical research on multi- 
institutional collaborations and discuss the role of the dissertation in this context. The chapter is 
organized into four parts. The first part highlights the importance of the investigation of 
collaborations not only for sociology, but for society at large. Part two reviews current 
achievements in the theoretical explanation of interorganizational scientific formations in social 
studies of science, and proposes ways to advance this emergent theoretical framework. The 
third part reviews the use of typologies in organizational studies, the sociology of science, and 
the first two waves of the AIP study of MICs. It links these findings to the conceptual design of 
constructing multiple classifications of scientific collaborations. The last part shows the 
relevance of two theoretical perspectives in organizational research for thinking about the 
structure, functions, and outcomes of interorganizational collaborations in science. It concludes 
with the argument that technological practice is likely the crucial dimension in explaining both the 
social organization and the patterned consequences of collaborative formations.
Collaboration is a growing phenomenon in all spheres of modern human activity, 
including such important fields as science and technology. Modernization, increased 
international exchanges, the advent of new high-tech means of communication, and the need for 
more efficient utilization of human, financial and technological resources, the co-operation of 
researchers from different nations and institutions on a common project is rapidly becoming the 
trend, rather than the exception. In a broader sense R&D multi-institutional collaborations are 
sociologically important because they are part of a general trend toward more fluid, flexible, and 
cooperative organizational arrangements in manufacturing, trade, services, and the public 
sector. In recent years the formation of joint ventures, strategic alliances, consortia, 
partnerships, obligational, and systemic networks has virtually exploded in all sectors of the
19
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economy (Alter and Hage 1993). As modern production and services become increasingly 
knowledge-based, and as the new knowledge and technological innovation become more 
complex and diversified, firms and other organizations need to turn more frequently to 
cooperation in order to stay competitive (Powell et al. 1996). Scientific work itself has been 
affected by global tendencies that demand greater coordination of resources.
One conspicuous development, for example, is that the international dimension has 
become a more essential trait of scientific research. Thus, studies of the origins of co-operative 
research, patterns of communication, networks of countries and scientists engaged in 
international collaborations have become more widespread (Okubo et al. 1992). An interesting 
feature of international scientific collaborations is that they appear to be "children of necessity." 
Unlike domestic co-operative arrangements, which commonly originate as a result of prior 
personal or professional contacts, international collaborations rarely emerge as a direct 
consequence of such contacts. This was one of the findings in the first phase of the AIP project 
on studying multi-institutional collaborations in physics. The interviews with American high- 
energy physicists revealed that from the U. S. point of view four factors spurred experimentalists 
to seek foreign collaborators.
The first was that a foreign group had developed an experimental technique which 
American physicists wanted to use. The second reason was that a certain experiment required 
more manpower and money than could be afforded domestically. Third, a laboratory director 
spotted common interests in a foreign proposal and decided that it would be better to work 
together. Fourth, American experimentalists desired more beamtime than a U. S. accelerator 
could or was willing to provide (AIP 1992d).
In physics multi-institutional collaborations came into being after World W ar II. One of 
the most striking features of postwar high-energy physics has been exactly the growth of large 
teams on the experimental workfloor (AIP 1992d). Prior to the war experiments even with big 
accelerators were considered essentially an individual affair. As detectors became more
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complex, costly, and time-consuming to build, an increasing number of scientists, engineers, and 
organizations combined efforts. The history of high-energy physics after the 1950s provides 
strong evidence of the tendency of experimental teams to expand in size.
Thus, a typical bubble chamber collaboration at CERN in the mid-1960s consisted of 
about fifteen physicists. One decade later the number of researchers working in co-operation 
with CERN's largest bubble chamber Gargamelie was about 50 people from seven 
organizations. In 1985 the Delphi collaboration, working with the Large Electron-Positron 
Collider at CERN involved over 350 high-energy physicists from 37 organizations in 17 countries 
(AIP 1992d).
The trend toward collaborative research in physics is symptomatic of changes in the 
nature of experimental work, which is steadily becoming "industrialized". The organization of this 
work has dramatically changed as multi-layered managerial structures have been imposed, the 
degree of bureaucratization has increased, decision-making processes have become more 
formalized, and the experimental process has become more routinized, repetitive, and tedious. 
The autonomous creative atmosphere of the university laboratory has been replaced with the 
regulated and regimented procedures of a large corporation (AIP 1992d).
One important function of multi-institutional collaborations in physics is the pooling of 
manpower and resources when a large experiment needs to be conducted. This is especially 
pertinent when funding for large-scale research is limited or there is a scaling down of research 
budgets. The AIP study of interorganizational collaborations in high-energy physics, for 
instance, led to the conclusion that the tradition of funding experiments through the university 
has encouraged multi-institutionality and internationalism. The analysis of interviews 
demonstrated that the prevailing opinion gravitated toward a sense that there were limits on how 
much money would be spent on the research of any single high-energy physics group. 
Therefore, any group that had the ambition to build an expensive and elaborate experiment had
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to be able to convince physicists from other organizations and countries to dedicate some of 
their funds and instrumentation to the experiment (AIP 1992a).
Multi-institutional collaborations in physics are important for various other reasons as 
well. Sometimes the factors causing the formation of co-operative research projects involving 
several institutions are field-specific. The three fields covered by the first two stages of the AIP 
project, for example, all witnessed the prominence of interorganizational arrangements due to 
the upsurge of government funding of science after World War II. In all of them the formation of 
multi-organizational collaborations was driven by the need to place complex measuring 
instruments on limited data-collection facilities. High-energy physicists need accelerators; space 
scientists, geophysicists and oceanographers need space probes, satellites, seismic networks, 
and ocean-going vessels. However, while high-energy physics relies on laboratory experiments, 
space science and geophysics count on field observations. Funding patterns are also different 
for HEP and geophysics/oceanography, which leads to different reasons for instigating 
collaborative research formations. HEP in U.S.A. is supported by only two Federal agencies, 
while the global data collection in the other two fields studied by AIP makes them dependent on 
the actions of various national governments and encourages international cooperation at the 
government level (AIP 1995a).
One important aspect of multi-institutional collaborations, which provides a valuable clue 
to their social structure, technological organization, and performance, is record-keeping or 
archiving. It comes as no surprise then, that one of the main aims of the AIP study of multi- 
institutional collaborations in physics is to "define the scope of the documentation problems, 
fieldtest possible solutions, and recommend future actions" (AIP 1992 p. 1).
The problem seems to be that like other scientists, physicists only keep documentation 
that they think might be useful to them. Almost everybody recognizes the importance of good 
record-keeping while the experimental process is in progress, but once the project is completed, 
records can easily be neglected, forgotten, or destroyed (AIP 1992a). One major obstacle in
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preserving relevant documents from multi-institutional collaborations is the lack of archival 
programs at some crucial organizations.
A valuable source of information are the records about the actual working of MICs 
created in all interorganizational collaborations by necessity: proposals, designs of instruments, 
purchase requisitions, progress and financial reports. These are the so-called operational 
records. In addition, collaborations usually generate minutes and reports of committees and 
subcommittees (AIP 1995a).
The emphasis on the importance of record creation, maintenance and dissemination is, 
interestingly enough, consistent with a major reorientation in sociology of science, which 
occurred in the late 1970s and the early 1980s, and was manifested in a move towards the study 
of scientific practice and culture from a more interpretative standpoint (Pickering 1992). The 
various new trends that comprised this refocusing of research (ethnomethodology, the relativist 
program, the 'strong' and 'weak' versions of the sociology of knowledge, discourse analysis, to 
name some of them) had four themes in common: 1) The inclusion of the technical content of 
science in sociological analysis; 2) Methodological internalism (preference for microstudies, 
priority of description over explanation); 3) A 'linguistic turn'; 4) Rejection of traditional 
distinctions (Knorr-Cetina and M. Mulkay 1983).
From the point of view of the present study, the third trend is of particular interest. As 
Knorr-Cetina and Mulkay point out, at least three approaches associated with the "linguistic turn" 
in sociology of science can be distinguished: 1) The model of "literary inscription", formulated by 
Latour and Woolgar; 2) The analysis of practical reasoning and persuasion of scientists; 3) The 
"discourse analysis" of Mulkay and Gilbert (Knorr-Cetina and Mulkay 1983, pp. 9-11).
Latour and Woolgar in particular place the process of writing in the center of practical 
research activity as observed in the laboratory. As they put it, for the observer "the laboratory 
began to take the appearance of a system of literary inscription." (Latour and Woolgar 1979, p. 
52). The research process itself consists, in this view, in the transformation of conjectural and
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modal statements into "statements of fact." Thus, scientific activities are portrayed as "the 
organization of persuasion through literary inscription" (Latour and Woolgar 1979, p. 88).
In a later work, where he advocates the so-called actor-network approach,1 Latour pays 
particular attention to inscription devices, which he argues provide the final layer in a scientific 
text (Latour 1987). Inscription devices are actually instruments which produce displays that 
serve the purpose of persuasion in a scientific text. As long as there is no contestation of theses 
or findings, the process of arriving at the final publication, where inscriptions figure prominently, 
remains hidden: "What is behind a scientific text? Inscriptions. How are these inscriptions 
obtained? By setting up instruments. This other world just beneath the text is invisible as long 
as there is no controversy" (Latour 1987, p. 69).
The importance of inscription and presentation is also highlighted in Woolgar’s book 
"Science: The Very Idea" (1988). He views discovery as a five-stage process, which starts with 
a document without a reference to an object and ends with denial of the reconstruction of the 
relationship between document and object. This is actually an inversion, aimed at persuading 
the reader that the object has given rise to the document (Woolgar 1988). In step four, which is 
later justified by the last stage, "the documents most obviously appear to take on the character of 
'representations' or 'traces'; they are no longer just documents, they become documents of 
something." (Woolgar 1988, p. 68).2
The preceding review showed that contemporary sociology of science focuses both on 
the process of inscription and on the products of scientists' written practices. One way of better
1For a more detailed exposition of "actor-network theory", which has recently gained 
popularity in social studies of science see Latour 1987; Callon et al. 1987; Law 1986.
2One other body of literature pays heavy attention to everyday practice and discourse in 
science-ethnomethodology. This approach to science studies treats "written inquiry" in science 
as a distinctive practical domain, which to a large extent shapes the organization of research. 
Ethnomethodological studies claim to give original treatment to three analytical instances of 
scientific writing: 1) written instructions and situated procedures; 2) constituting inquiries in 
anticipation of formal presentation; 3) embedded pedagogies in written materials (Lynch et al. 
1983, pp. 210-218).
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understanding how inscriptions work and whether verbal behavior corresponds to the conduct of 
research is to study record-keeping and archival practices in universities and laboratories. This 
is not only important for reconstructing the history of a particular experiment or theory-building, 
but for studying the social processes that accompany the organization of research in science. 
Thus, it is crucial to include record creation and maintenance as an important outcome variable 
when considering the usefulness of a classification of multi-institutional collaborations.
Multi-institutional collaborations in science are also important because they provide an 
opportunity to learn how changing research environments can enlighten our understanding of 
consensus formation and cultural construction. Cultural processes and consensus are salient 
aspects of interorganizational scientific collaborations as demonstrated by Knorr-Cetina (1995) in 
her examination of big experiments in high-energy physics, involving thousands of physicists and 
lasting up to 20 years. Knorr-Cetina calls such aggregates "superorganisms"-a metaphor 
adopted from biology. She goes on to examine several of their most typical traits. First, such 
"superorganisms" are movable, semi-detached corporations somewhere between a social 
movement and an organization. The author states that they fasten upon big laboratories, but 
unlike organizations they have no legal framework. Instead, they are based on a letter or 
document of 'understanding' without legal consequences. Second, "superorganisms" rely on 
pervasive cooperation and consensus, or the implementation of a communal form of life. Third, 
they are characterized by the presence of a central and centering object—the several storey-high 
detector.
Collaborations are also very much dependent on genealogical time, i. e. they form, work 
and disband, but at the same time seed new collaborations. High-energy physics, further argues 
Knorr-Cetina, typically has collective consciousness~an uninterrupted and intensively 
communicated hum of self-knowledge. The birth of a new collaboration in that field of physics is 
normally done in the course of experiments, which establish themselves during a period of
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configuration and incorporation, involving the choice of technology and the selection of 
participating groups.
A number of studies by historians, sociologists, and anthropologists have documented 
particular cases of collaboration in science, and demonstrated their importance for 
understanding new forms of social organization, cultural construction, and changing social 
relationships. However, these disparate findings have not yet been integrated into a more 
general explanatory scheme. What we need now is a "middle range" theoretical framework 
based on a systematic comparative study of a variety of interorganizational collaborations in 
science that will reveal the common structural and cultural properties of these "virtual 
organizations" and explain how these properties relate to sociologically important outcomes. 
Efforts in that direction have just begun in social studies of science. The most important work on 
collaborations in this field has been done by Zabusky, Knorr-Cetina, and Schild.
Zabusky (1995) conducted an extensive one-year ethnographic study of the European 
Space Agency (ESA) as an instance of international cooperation in space science. Cooperation 
is approached from the perspective of "practice theory," and is viewed as the negotiation of 
differences in the division of labor. Emphasizing the social and cultural aspects of cooperation, 
Zabusky is more interested in consensus building, integration, and solidarity (in a Durkheimian 
sense) than in conflict, differentiation, and alienation. She is, however, aware that cooperation 
involves the reconciliation of opposing forces or processes (unity and diversity, harmony and 
conflict, integration and dispersal). One central mechanism of working together is talk or 
communication. Another integrating and structuring force is technology, which is responsible for 
one of the most significant goals of space science missions—the unification of the payload and 
the spacecraft. Space missions in ESA are regarded as "loosely" structured projects with no 
single, centralized source of authority.
A similar approach is adopted by Knorr-Cetina (1998) in her qualitative investigation of 
large high-energy physics experiments at CERN. An in-depth anthropological examination of
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one string experiment-UA2 and ATLAS—reveals that cooperative work is accomplished in non- 
bureaucratic ways, without a rigid formal organization, central authority, or strict internal rules. 
The main theoretical argument of Knorr-Cetina is that collaborations in HEP should be 
conceptualized as post-traditional communitarian structures that downgrade the role of the 
individual and stress community mechanisms such as collective authorship and free circulation 
of work. These communitarian formations are governed by policies of object-centered 
management, and tend to develop collective consciousness (act as a collective epistemic 
subject). Collaborations are largely self-organized, and the chief organizing format is the 
subdivision into task-oriented or technological, object-oriented working groups. Trust and 
communication connect participants in confidence pathways that contribute to sustaining the 
communal life form. Individuals play a more prominent part in the inception and formation of 
HEP experiments, but become blended into the communitarian structure, once the experiment is 
fully operational and settles into a routine track. In this latter phase time schedules come to the 
fore as an important temporal device that acts as a substitute for social authority and facilitates 
the establishment of communitarian order.
Schild's case-study of international collaboration in polar research (1997) is based on 
interview data from seven cruises of three ships. It resembles the previous two works in a 
number of ways—the qualitative and cultural orientation, its focus on one field of science and on 
European cooperation, and attention to the dynamic aspects of working together. The main 
difference is that, in contrast to Zabusky and Knorr-Cetina, Schild puts greater emphasis on 
conflict than on harmony, consensus, and integration. She treats collaboration as a work 
process, and more specifically as an interactional work process that involves three types of work: 
production work; articulation work, and emotion work. Although the distinction between the first 
two kinds of work is sometimes blurred, the analysis shows that the three types occur in different 
mixes across cruises. Negotiation and communication (including conflict) appear to emerge as 
the central feature of polar research collaborations. Schild also suggests that size of the
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collaboration and absence of pre-existing relationships may be related to higher degree of 
conflict.
What all three studies share is a common microsociological focus, qualitative 
methodology, cultural-anthropological orientation, case-study approach, attention to international 
(European) scientific collaboration, emphasis on a single location (ESA, CERN, ocean-going 
vessels), and on a single specialty (space science, high-energy physics, polar research). Each 
discusses a number of dimensions (organization, size, origin, leadership, communication, 
technology, internationalism), social processes (collaboration as work, social integration, 
community-building, negotiation, collective knowledge), and outcomes (consensus, conflict, 
trust) that characterize scientific collaborations. Theoretically, the most sophisticated of these is 
Knorr-Cetina's work, which tries to advance a new conceptual scheme that views collaborative 
experiments in HEP as post-traditional communitarian formations with object-centered 
management, collective consciousness, and decentralized authority.
Although these studies are useful because they give us a sense of the important 
variables that describe scientific collaborations, they suffer from the following weaknesses. (1) 
There is insufficient examination of structural characteristics owing to preoccupation with cultural 
processes. The focus on cultural construction and dynamics overshadows some interesting 
structural traits of collaborations. Even when structural factors are considered, they are usually 
not operationalized or clearly defined. (2) It is not clear whether these fields are representative 
and whether the findings are generalizable. Two of these works focus on a single collaboration, 
and the third--on seven. All of them study European collaborations in one field of science. 
Moreover, none of the studies convincingly explicates how the respective collaborations and 
interviewees were chosen. It appears that convenience and access were the primary selection 
criteria. Thus, we cannot generalize across fields or even for the single field under investigation. 
(3) Third, they focus on a particular location instead of multiple locations. The latter is more 
typical in a number of fields-materials research, medical physics, climatology, VLBI ground-
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based astronomy. (4) Fourth, there is a failure to distinguish factors in order of importance. This 
general deficiency of cultural qualitative research is evident in the work of Zabusky, Knorr- 
Cetina, and Schild. Multiple factors like communication, division of labor, work as a process, 
technology, negotiation, size are all considered "crucial," but no attempt is made to 
systematically show why some factors may be more important than others. (5) Fifth, they suffer 
from an inability to systematically codify the proposed theoretical concepts. Even the most 
developed conceptual framework, advocated by Knorr-Cetina, employs unoperationalized 
notions and does not clarify the scope of the explanatory model. (6) Sixth, they neglect the 
relationship between properties of collaborations and their outcomes. The lone exception here is 
Schild's discussion of how size and prior knowledge of collaborators might affect conflict. Even 
this observation, however, is only suggestive and not tested empirically on a larger sample of 
cases.
I would argue that in order to overcome these flaws and be able to construct a sound 
theoretical framework, we need to place greater emphasis on a structural, macrosociological and 
comparative analysis of MICs and their consequences. Thus, in view of the goal of accumulating 
findings about particular scientific collaborations, we need to perform a quantitative comparative 
study on a larger sample in a systematic fashion. For this reason, we also need to shift our 
analysis from the micro to the macrolevel, and change our focus from interaction and everyday 
practice to the examination of multi-institutional scientific collaborations as interorganizational 
formations. Hence, the units of analysis become the collaborations themselves. In other words, 
instead of studying how people collaborate in scientific projects, I propose to look at how 
organizations come together to achieve a common goal, the structural features of these recent 
social formations, the variations these features display, and the patterned social consequences 
of this variability. The first step is to systematically study the variation in forms of 
interorganizational collaborations by constructing multiple typologies along basic structural 
dimensions.
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Traditionally, structural and systematic analysis has been the domain of organizational 
research. Regrettably, although there is a vast literature on interorganizational relations, 
organizational studies have largely ignored MICs as objects of inquiry, and have focused instead 
on production (Pfeffer and Salancik 1978; Browning et al. 1995; Gulati 1995; Powell et al. 1996), 
service (Alter and Hage 1992), government (Clarke 1989), and non-profit organizations (Kaang 
and Cnaan 1995). Nevertheless, a potentially useful line of work on organizations has devoted 
considerable attention to their classification and taxonomy. I now turn to a discussion of 
classifications, typologies, and taxonomies with a special focus on how they are applied to the 
study of organizations.
Typologies or taxonomies have been utilized for a long time in many branches of 
science. They are, for example, common in such disciplines as biology, geology, and chemistry. 
The early development of the social sciences also relied heavily on classifications of various 
kinds. They are means of distinguishing and systematically presenting types. "A type or a class 
is an abstract category having empirical reference. There is a type of social group known as a 
dyadic group, consisting of two and only two members" (Mitchell 1975, p. 215). A typology is a 
classification.
Typologies are very useful in organizing data and in data reduction (Barton 1955). 
However, one should be aware that in most of the cases taxonomies (typologies) do not 
constitute theories and by themselves cannot produce theories (Mitchell 1975). Sometimes, 
however, typologies form parts of theories as, for instance, in Durkheim's theory of division of 
labor, which included a  delineation of two types of social organization—mechanical and organic. 
The most valuable typologies, therefore, are those that are aimed at or related to one or more 
hypotheses to be tested.
Another distinct feature of a typology is that there is flexibility as to how many typologies 
are possible to analyze the same set of data. Often there are alternative ways to construct 
taxonomies, depending on the dimensions (variables) chosen. While this does not contribute to a
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rigorous theoretical status of typologies, it leaves room for creative analysis and further 
exploration.
The last point leads us to the evaluation of requirements (criteria) for constructing 
plausible taxonomies. Generally, two such requirements are put forward. These are 
exhaustiveness, or the extent to which all items are placed in the classification, and mutual 
exclusiveness, or the absence of overlap (The Encyclopedia of Sociology 1981). Some 
taxonomies are helpful, although they do not satisfy these requirements entirely (for example 
most of the classifications of societies in sociology).
The concern of sociologists with typologies that were deemed to be too abstract or 
theoretical (for example, Max Weber's concept of "ideal type") led to the formulation of more 
empirically grounded notions. One such category is the "constructed type," which helped 
researchers to come up with "constructed typologies". This concept is usually credited to 
Howard Becker, who introduced it as a reformulation of the "ideal type". The main difference is 
that the former, unlike the "ideal type" is regarded as the result of research and not as preceding 
it. The constructed types are made up of elements (criteria) that have distinct empirical 
referents. They come as a result of an explicit problem and should be oriented towards a 
particular hypothesis (Theodorson and Theodorson 1969). Constructed types abound in 
sociology-clans, classes, nations, sects, cults, etc. (Fairchild 1977).
The problems and difficulties of building up typologies in sociology can be illustrated by 
the history of development of a taxonomy of human societies. A comprehensive overview of this 
history is presented by Lenski (1994). Noting that taxonomies are theories of order, he presents 
a convincing picture of the multitude of theories of how societies should be classified.
Recognizing the continuing lack of consensus about the relative merits of these 
taxonomies, Lenski points out that perhaps a good first step will be to employ several criteria for 
their evaluation. These, in his opinion, are the requirements that a classification is 
comprehensive, unambiguous, nuanced, and based on the most powerful independent variable
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(Lenski 1994, pp. 21-22). He further argues that the main dimension, upon which a taxonomy of 
human societies should be based, is subsistence technology.
The ambiguities and problems, endemic in social research, are, it seems from this 
example, characteristic of typologizing in sociology as well. There have been some attempts to 
put taxonomies on a more solid basis. One of the early instances of such endeavors is Barton's 
concept of property-space in social research (Barton 1955). The notion reflects a location in 
conceptual space where the coordinates represent some properties of individuals, groups or 
objects. The dimensions that we use to locate units of analysis in property-space can be of 
different kinds-continuous, unordered qualitative, and rank-ordered qualitative. There is no 
reason, argues Barton, why we shouldn't be able to characterize objects by as many properties 
as we find helpful (Barton 1955, p. 42).
He goes on to specify the most common use of the concept of property-space: to clarify 
the working of such typological operations as reduction, substruction and transformation. There 
could be several types of reduction: reduction through simplification of the dimensions 
(variables); numerical indices and the reduction of qualitative property-space; numerical indices 
and the reduction of continuous property-space; pragmatic reductions; functional reductions 
(Barton 1955, pp. 45-50). Pragmatic reductions, or decreasing the number of categories of 
variables according to some pragmatic consideration (like increasing the number of cases in 
each category for purposes of statistical hypothesis testing) are, as Barton states, the most 
important and frequent in empirical research (1955, p. 53). In my opinion, despite its 
contribution, Barton's conception is not devoid of problems. The first one is that, if we go beyond 
three dimensions the concept of property-space becomes more and more difficult to visualize 
and operate with. The second is that while pragmatic reduction is often practiced in analysis of 
empirical data, the priority given to statistical or other pragmatic criteria can hardly justify 
typological changes and surely raises accusations of data-dredging.
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Most interesting from the point of view of the present research are efforts to construct 
and theoretically explain typologies of organizations.3 It is noteworthy that the only consensus 
that exists in organizational research seems to be that there is, as McKelvey puts it, "a need for 
a strong a priori theory of organizational specification" (McKelvey 1982, p. 397). Another 
organizational expert-Hall, is even more specific: "A generally accepted typology of 
organizations is nonexistent in spite of the general agreement that a good typology or a set of 
typologies is desperately needed" (Hall 1977, p. 29). At the same time Hall pinpoints as the 
crucial thing in organizational taxonomies the determination of critical variables. However, since 
organizations are complex phenomena, it is not easy to decide which those are. It is certainly 
clear that we have to take into consideration both internal (within organization) interactions and 
external conditions, both determinants and outcomes of organizational behaviors in order to 
arrive at a comprehensive organizational typology. Hall provides a useful overview of well- 
known typologies that can be grouped into three broader categories: functionalist typologies, 
empirically derived typologies, structural typologies.
The first category classifies organizations according to the type of function or goal 
served by the organization. Parsons, for instance, distinguishes four types of organizations: 
production organization, organization oriented towards political goals, integrative organization, 
pattern maintenance organization (Parsons 1960). This typology, however, does not seem to 
take into account temporary research organizations like multi-institutional collaborations.
Another fairly popular organizational taxonomy was developed by Katz and Kahn (1966). It is 
basically an elaboration of Parson's model with more emphasis on societal functions. A  different 
perspective is adopted by Etzioni (1961). He postulates that compliance should be used as a 
major source of differentiation among organizational arrangements. According to this criterion
3For two reviews of organizational typologies see Hall 1977; Sanchez 1993.
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three so-called "congruent types" of organizations emerge: 1) coercive-alienative; 2) 
remunerative-utilitarian; 3) normative-moral.
Yet another criterion within the functionalist framework was utilized by Blau and Scott 
(1962) for a typology of organizations—who is the primary beneficiary of the organization's 
actions. This led to grouping organizations into the following four types: 1) mutual-benefit 
association (where all members benefit); 2) business concern (where owners are the primary 
beneficiaries); 3) service organization (where it is the clients who benefit); 4) commonwealth 
organization (where the public at large receives the major benefits).
Despite the theoretical appeal of functionalist organizational typologies, they cannot 
withstand the empirical evidence. Hall himself is well aware of the problems with the above- 
mentioned classifications, noting that real organizations just do not fit easily into the suggested 
categories and that the mere placement of organizations into these categories does not test the 
typologies (Hall 1977, p. 36). He further quotes an empirical study of 75 organizations, which 
indicated that functionalist typologies did not differentiate among units of analysis in terms of 
such structural variables as complexity or formalization (Hall 1977, p. 37).
The empirical approach to building organizational typologies did not show greater 
promise than the functionalist. Haas, Hall and Johnson tried to develop a taxonomy of 
organizations by analogy with classifications in zoology. Operating with data from a number of 
organizations, they ended up with nine major classes of organizations (Haas et al. 1966). 
However, as one of the authors admits, the variables used for differentiation among the classes 
were "seemingly trivial as organizational properties" (Hall 1977, p. 38).
This initial failure to produce a plausible empirical taxonomy led to an effort to make use 
of structural characteristics as the basis of organizational typology. In a sense the resulting 
classification scheme, created by Pugh, Hickson and Hiningswas also empirically based, since 
a sample of 52 organizations was used to derive the taxonomy (Pugh et al.1969). They tried to 
differentiate their units of analysis along three structural dimensions: structuring of activities,
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concentration of authority, and line control of workflow. Consequently, seven types of 
organizations were distinguished: 1) full bureaucracy; 2) nascent full bureaucracy; 3) workflow 
bureaucracy; 4) nascent workflow bureaucracy; 5) preworkflow bureaucracy; 6) implicitly 
structured organizations; 7) personnel bureaucracy.
The last form of organizational typology is not without problems either. One of its 
shortcomings is that some concrete organizations do not conform to these patterns, but are 
rather of a mixed type, since they combine characteristics of two or more types. Second, as Hall 
argues, there is no indication as to "how or why the shifts between the types take place" (Hall 
1977, p. 40).
On the basis of his review of organizational typologies Hall concludes that, in view of the 
difficulties encountered in all three approaches, it is probably best to adopt a pragmatic approach 
and to apply whatever classification scheme is most useful for the case at hand (Hall, 1977, p. 
40). In other words, Hall espouses the approach that Barton advocated earlier.
The importance of a scientifically sound organizational typology and the need to 
overcome ambiguity and uncertainty is highlighted by the ambitious attempt by McKelvey to 
outline the main characteristics of a new field of study-organizational systematics (McKelvey 
1982). While his hope that systematics as a profession in organizational science will be 
institutionalized has not yet materialized, the book and the principles of building organizational 
taxonomies, promoted by the author, caused a heated debate. Stated briefly "organizational 
systematics is a search for and description of organizational populations, whereas nearly all 
organizational science to date has focused on functional science" (McKelvey 1982, p. 33). Thus, 
the main distinction between the systematic approach and the functional one is along the lines of 
studying diversity versus studying uniformity.
Interestingly enough, what Hall qualified as empirical and structural approaches to 
classifications in organizational research is referred to by McKelvey as "numerical taxonomy 
applied to organizational classification." In addition to the typologies, mentioned by Hall in this
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group, McKelvey discusses Goronzy's typology, which was based on an unrepresentative 
sample of American manufacturing firms (McKelvey 1982, p. 46). Goronzy used correlations as 
similarity measures for his cluster analysis solution. Twenty-nine characteristics were used, 
most of which were variations on the themes of size and technological complexity. The 
statistical analysis yielded four clusters. Unfortunately, the findings are rather dubious and 
mainly of exploratory nature, since the subsample was not representative, and there was clearly 
a response bias (only 50 returns were obtained from the sample of 500 organizations).
The review of previous research led McKelvey to believe that the best way to develop 
organizational systematics is probably to combine the evolutionist and the numeric-phenetic 
approaches (McKelvey 1982, p. 59). To my mind the main merit of McKelvey's conception is the 
emphasis on and systematic presentation of numerical taxonomic methods. He discusses in 
detail the advantages and disadvantages of different resemblance coefficients, joining methods 
(various types of cluster analysis), sorting methods, etc. He also raises the important issue of 
the problematic nature of statistical significance tests, arising from the feet that finite populations 
are involved, and that the assumption of normality of the distribution seems to be untenable in 
most of the cases. McKelvey's conclusion is that perhaps group averaging is the best joining 
method and factor analysis is the most useful sorting procedure (McKelvey 1982, p. 430).
After an extensive review of theories of organizations Hage presents and analyzes 
several typologies (Hage 1980). He identifies four major concerns in organizational studies: 
power, change, the human dimension, and the environment. According to the three analytical 
levels—micro, meso and macro, Hage distinguishes roughly three aggregates—groups, 
organizations, and multi-organizations (sets of organizations each with their own input, 
throughput and output)(Hage 1980, p. 12).
A second taxonomy deals with types of decision-making in organizations, which run 
parallel to the two kinds of power structures-centralized and decentralized. The two forms of 
decision-making are the hierarchical pattern and the network pattern. The first is associated with
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centralized power, and the second--with decentralization of the power configurations. In 
addition, the higher the risk, the more likely a decision trajectory will follow the network (wheel) 
pattern, and the lower the risk, the greater the likelihood of a hierarchical pattern (Hage 1980, pp. 
119-129).
Another classification, as presented by Hage, is the typology of organizational forms 
inspired by the theory of uncertainty (Hickson et a I. 1971) and Perrow's power perspective 
(Perrow 1967; 1986). As Hage claims, according to the distribution of power among hierarchical 
levels and departments, organizations fit in one of four forms: 1) organic-professional (egalitarian 
with complete decentralization); 2) mechanical-bureaucratic (authoritarian with complete 
centralization); 3) traditional (polycentralized with differences by level); 4) mixed mechanical- 
organic form (multiple hierarchy with differences by department)(Hage 1980, pp. 85-87).
This is an intriguing way to systematize organizational fluctuations, although the four 
forms are de facto ideal types, and so far no convincing empirical testing of the taxonomy has 
been carried out. This typology may work in the case of permanent organizations, but as far as 
multi-institutional collaborations in physics are concerned, we may observe different 
organizational forms in different collaborative projects. In other words, some of them will tend to 
be organized and structured in a different way than others.
Furthermore, Hage's later statement that the mechanical form is more appropriate in a 
stable environment, and the organic—in an unstable environment (Hage 1980, p. 422), does not 
fit well with Perrow's analysis of so-called "normal accidents" or "system accidents" (Perrow 
1984).
These labels describe disasters in organizations which are characterized by interactive 
complexity and tight coupling, such as nuclear power plants, space research programs, airlines, 
dams, mines and so on. Perrow argues that something more basic than owner, designer, or 
operator error is usually responsible for accidents in large systems, namely the properties of the 
systems themselves. Complex interactions that occur in such systems are characterized by
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branching paths and feedback loops. The connections are not only adjacent, serial ones, but 
can multiply as other subsystems are reached. Complexity, then, denotes interactions in an 
unexpected sequence. Complex systems are not necessarily high-risk-universities and R&D 
firms are also complex organizations. High-risk systems, however, are also characterized by a 
second feature, not typical of universities-tight coupling. The latter is a mechanical term, which 
refers to a lack of slack or buffer between two items so that what happens in one directly affects 
what happens in the other (Perrow 1984). The point is that Perrow's analysis reveals that there 
is no systematic connection between the social structure of an organization and the stability of 
the environment. Actually it could be argued that high-risk complex organizations cannot be 
categorized as either purely mechanical or purely organic.
Large or complex systems have continuously received attention from organizational 
researchers over the years as in modem times they have become more and more common and 
widespread. Sayles and Chandler, for example, focus on large technological systems-long-term  
NASA programs, private programs in aerospace and computer technology, and so on (Sayles 
and Chandler 1971). They point out that there are five basic functions in advanced 
technological systems: 1) advisory; 2) scientific research; 3) systems evaluation and integration; 
4) design, development and production; 5) operations and support. These may differ across two 
main types of technological organizations: production type (large R&D programs with follow-on 
operations of production like missiles) and one-of-a-kind type (relatively small R&D programs 
like scientific satellites).
A slightly different view is adopted by Clarke in a case study showing how the 
configuration of organizations can affect the definition of acceptable risk (Clarke 1989). The 
book makes a case for a differentiated application of theoretical models depending on the 
subject-matter. Thus, Clarke insists that "garbage can theory" provides a useful alternative to 
deterministic models of organizational behavior. It can be especially helpful in drawing attention 
to organizational behavior in ambiguous circumstances, for example when goals are unclear,
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when technologies are ill-defined and rights are not well clarified. However, this model 
underestimates the role of power-one of the major variables in organizational research. It is not 
as appropriate when we are dealing with single organizations, where management is based on 
legitimate authority. "Garbage can theory" is better suited to explain the relations among a group 
of organizations, where there is no well-defined institutionalized structure or a centralized office 
that issues orders.
For organizations with less rigid and more equivocal structure, one important concept in 
organizational studies is that of "loosely coupled systems." Although definitions of this 
organizational type vary somewhat, the term is usually meant to denote systems that have either 
few variables in common or the variables in common are fairly weak (Orton and Weick 1990). 
Loose coupling allows organizational researchers to explain the coexistence of opposite 
phenomena-rationality and indeterminacy, openness and closeness, connection and autonomy. 
Universities are often considered loosely coupled systems. Orton and Weick identify eight 
common types: loose coupling among individuals, among subunits, among organizations, among 
hierarchical levels, between organizations and environments, among ideas, among activities, 
and between intentions and actions (Orton and Weick 1990, pp. 216-217).
Similar to loosely coupled systems are cooperative interorganizational relationships and 
short-term project-based organizations. A discussion of the emergence, growth, and dissolution 
of the former is provided by Ring and Van de Ven (Ring and Van de Ven 1994). The authors 
regard interorganizational collaborations from a developmental perspective as socially contrived 
mechanisms for collective actions that are constantly reshaped by the participating social actors. 
The developmental processes associated with cooperative interorganizational relationships are 
cyclical, not sequential. These arrangements are maintained not because they achieve stability, 
but because they keep balance between formal and informal processes.
The second form of organization is analyzed in an empirical study of the Hollywood film 
industry, carried out by Faulkner and Anderson (1987). The project-based organization is seen
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as a response to risk and uncertainty, and is often referred to as a "matrix" format, a "temporary” 
organization, an "adhocracy," or a "quasifirm." Power is usually diffused in uneven ways and is 
combined with expertise. This is actually a very volatile, unpredictable, and highly variable 
system. The sources of variance are the content and composition of work, the uncertainty of 
investment flows, and the randomness of the market component. It is essentially a collaborative 
effort where there is a high level of equivalence.
Recently, there has been a renewed interest in conducting empirical research on 
specific organizational forms and trying to explain their peculiarities by breaking them down into 
types, which are deemed pragmatically feasible and appropriate for the particular task at hand. 
The common link between these studies is that typologization is expected to increase the 
discriminatory power of analysis and to provide better insight into the social phenomena under 
investigation.
I will succinctly discuss three examples of such empirical research. The first is a study 
of organizational births as represented by New York's life insurance industry from 1842 to 1904 
(Budros 1993). As Budros makes clear, due to its social and economic importance the birth of 
organizations has received worldwide attention. However, virtually no attempt has been made to 
distinguish among different kinds of births. This is exactly the focus of the study, which makes a 
distinction between organizational start-ups and organizational entries. The former can be 
described as the opening of new organizations, and the latter as the ongoing organizational entry 
into new markets. The author develops two general frameworks to examine the two types of 
organizational births-the strategic niche and the market location perspective. These 
frameworks imply that the causes of the organizational types should vary, but in different ways. 
The results from event history analysis of New York's life insurance companies in the late 19th 
and early 20th century confirm Budros's expectations, and thus provide a strong argument for 
the viability of the organizational birth typology.
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The second piece of research examines the constitution of and changes in boards of 
trustees in large nonprofit human service organizations (Kang and Cnaan 1995). Changes in 
board structure and composition (measured by variables such as size, race, gender, age, 
education, occupation, ties with the public, and so on) are considered at three points in time. Of 
special interest is the section on changes by organizational type. The researchers identify three 
types of human service organizations: United Way(UW), YMCA-YWCA(Ys), and family service 
organizations.
The findings showed significant differences by gender composition between family 
service organizations and UW. The comparison of boards across types of organizations by 
education also proved to be significant. Several other variables demonstrated effects by type of 
human service organization. A further analysis of the same effects across types of family 
service organizations (Jewish family service, Catholic family service, non-sectarian social 
service) led to confirmation of most of the hypotheses about board structure and composition 
differences.
The third study uses data from a national survey of 2,398 Canadian physicians to 
examine whether different modes of medical practice organization result in advantages or 
disadvantages for doctors and their patients (Williams et al. 1990). Williams and associates 
pinpoint six broad types of practice organization: 1) solo practice; 2) group practice; 3) 
partnerships; 4) hospitals; 5) community health centers/health service organizations; 6) mixed 
practice. As the authors of the study contend, "The development of a typology of medical 
practice is an important step toward determining how organizational differences may affect the 
delivery of medical care." (Williams et al. 1990, p. 1003).
This review of the state of typologies in organizational studies shows a great deal of 
variation both with regard to the criteria for classification and the theoretical approaches that 
should guide such efforts. So far as the former are concerned, certain structural characteristics 
of organizations emerge as essential: size, complexity, decision-making, technology, control,
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composition, dependence, and uncertainty. As far as the latter go, it appears that the 
sociological theories of bureaucracy, initiated by Max Weber, have been and still are quite 
influential (Ullrich and Wieland 1980).
This is not, however, the case in sociology of science, where for the past two decades 
there has been a drift towards more constructivist, relativist, and anthropological-ethnographic 
perspective. This represents a clear departure from the earlier efforts in the 1950s and 1960s to 
work within a structural-functionalist and normative theoretical framework. Nevertheless, there 
are some studies of sciences as organizations, which do not seem to belong to the mainstream 
research in present-day sociology of science and technology.
One of the best-known of these is the collection of works "Scientific Establishments and 
Hierarchies”(1982). In spite of the fact that few of the publications there deal with typological 
aspects of research establishments, some useful guidelines are provided for analyzing the 
organizational context and processes in science. More specifically, there is a particular 
emphasis on the role of scientific elites and power relations in science. Furthermore, research 
units are studied as hierarchical structures that interact with non-scientific establishments in 
society at large. These interactions often lead to the establishment of trans-scientific institutions 
and the accompanying "scientification of politics" and "politization of science." One of the 
authors even argues that the process of decline of the institutional specificity and independence 
of science due to political influence is the stronger process of the two and can be called the "de­
institutionalization" of academic science (Weingart 1982).
A more systematic and comprehensive attempt at a theoretical classification of the 
sciences was undertaken by Whitley (1984). Sciences are regarded as reputational 
organizations and heavy emphasis is placed on variations between the sciences and the social 
conditions that prompt intellectual changes. Modern sciences are characterized by Whitley as 
systems of work organizations by a commitment to producing novelty and by coordination of 
research procedures and strategies. The high degree of uncertainty differentiates science from
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mass production. The author makes clear that this uncertainty and risk render fully bureaucratic 
systems of work planning and control inefficient and ineffective (Whitley 1984, p. 14). The most 
general taxonomy, which uses as a criterion the reputational control of employers' research 
goals, divides science into academic, state and industrial.
The fine-grained classification of the sciences into seven major types is based on two 
distinct dimensions, which the author considers crucial for variations among the sciences.
These are: 1) the degree of mutual dependence between researchers, and 2) the degree of task 
uncertainty in producing and evaluating knowledge claims. Mutual dependence is further 
subdivided into functional and strategic dependence. Task uncertainty, on the other hand, could 
also be split into two types-technical and strategic. Physics since the 1930s, for example, can 
be described as a discipline with low strategic and low technical task uncertainty.
Finally, if we use the more detailed four-dimensional typology, scientific fields can be 
classified from an organizational point of view into: fragmented adhocracy, polycentric oligarchy, 
partitioned bureaucracy, professional adhocracy, polycentric professions, technologically 
integrated bureaucracy, and conceptually integrated bureaucracy (Whitley 1984, pp. 159-163). 
Post-1945 physics falls in the last category. More specifically, Whitley claims that modem 
physics is characterized by high functional and strategic dependence and, at the same time, by 
low technical and strategic task uncertainty (Whitley 1984, pp. 201-205).
Whitley's typology of the sciences is a definite improvement over the previous attempts 
at the systematization of differences among branches of science and disciplines. However, it is 
discipline specific and deals predominantly with established permanent organizations. Though it 
may serve as a basis of expanding the analysis towards other research conglomerates, this 
classification is not specifically designed to explain interdisciplinary programs or multi- 
institutional collaborations of a more temporary nature.
A closer examination of the collaboration between scientific establishments and non- 
scientific organizations and its consequences is provided by Blume (1987), who discusses the
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theoretical significance of cooperative research involving universities and industry. Blume sees 
three main reasons for the intensified science-industry relationships: 1) foreign competition; 2) 
areas of opportunity in which industrial nations seek competitive advantage; and 3) the shift of 
attention towards the interface between science and technology (1987, pp. 7-9). He further 
points out that research on university-industry relations reveals the possibility of three typologies 
of interaction.
The first is essentially functionalist and distinguishes two kinds of cooperation: 1) the 
assist mode, where academic scientists assist firms and 2) The entrepreneurial mode, in which 
scientists assume responsibility for a technical development project. The second, developed by 
OECD, classified "networks" in terms of their fundamental purposes. Consequently, three 
modes of university-industry networks emerged: long-term linkages, promotion of specific areas 
of science and technology, and liaison systems. The third typology runs along two dimensions: 
collaborative research mechanisms versus knowledge transfer mechanisms, and ongoing versus 
time-limited cooperations. Blume himself thinks that the best solution is to treat university- 
industry relationships as a special case of a more general phenomenon, which he calls "common 
social project." The latter is a "research programme which consciously embodies the goals, 
needs, interests or aspirations of actors within a network" (Blume 1987, p. 34). These common 
social projects materialize only when scientific and institutional conditions become favorable.
The typologies, summarized by Blume suggest how cooperative arrangements involving 
academy and industry could be classified, but they do not seem to be of great heuristic value, 
since most of the criteria are either trivial or self-evident.
One other typology, developed by Shrum and Morris, deals with organizational units 
that are very similar to and often overlap with multi-institutional collaborations in science. (Shrum 
and Morris 1990). A technical system is "a set of organizations with involvement in a set of 
related technological problems" (Shrum and Morris 1990, p. 237).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
45
Three dimensions with two categories each are used by Shrum and Morris to construct a 
typology of technical systems. The dimensions (axes) along which mutually exclusive and 
internally homogeneous groups of technical systems are identified are: economic (collective or 
private beneficiary of the outcome), technological (size and complexity), and epistemological 
(certainty vs. uncertainty of the product). Size and complexity are combined into scale. The 
resulting eight types of technical systems are: 1) collective good-large scale-high uncertainty 
(e.g. the Manhattan Project); 2) collective good-large scale-low uncertainty (e.g. Army missile 
programs); 3) collective good-small scale-high uncertainty (e.g. AIDS research); 4) collective 
good-small scale-low uncertainty (e.g. solid waste disposal); 5) private good-large scale-high 
uncertainty (e.g. fifth-generation computers); 6) Private good-large scale-low uncertainty (e.g. 
public utility R&D); 7) private good-small scale-high uncertainty (e.g. semiconductors); 8) private 
good-small scale-low uncertainty (e.g. computer software)(Shrum and Morris 1990, pp. 249- 
253). This last typology is probably most relevant to the classification of multi-institutional 
collaborations, since it focuses on technical systems, which are more or less defined as one kind 
of interorganizational collaborations in R&D. Of course, it is geared towards sets of 
organizations working together to do applied research, or achieve some technological goal. 
However, it could prove useful with certain adjustments in laying a foundation for a typology of 
fundamental research collaborations as well. The difficulty in employing the same dimensions to 
systematize basic research collaborative projects comes from the fact that two out of three axes 
have little discriminatory potential for fundamental science. Thus, overwhelmingly the public is 
the beneficiary of fundamental discoveries, and uncertainty is endemic to fundamental research.
The present research will draw upon the findings in organizational studies and sociology 
of science about taxonomies of organizations and types of sciences or scientific establishments. 
Another valuable source of insight into the classification of multi-institutional collaborations in 
science will be the results from the first two phases of the AIP project that are relevant to
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variability of dimensions of interorganizational arrangements in physics. This variability often 
has a direct bearing on how particular collaborative projects are organized and carried out.
In high-energy physics one substantive finding is that two major types of collaborative 
patterns seem to predominate (AIP 1992a). The first type are collaborations that tend to perform 
"strings" of experiments. They are usually formed by a commitment of a few leaders to explore 
all facets of a physical particle or process. The second type are coalitions of diverse interests 
held together by a common interest in a detector and accelerator. These are collaborations that 
carry out "freestanding" experiments.
It is important to recognize that the two types of collaborations in HEP ran parallel to the 
two kinds of accelerators-colliding-beam accelerators and fixed-target accelerators (AIP 1992d). 
The technical conditions faced by physicists working on experiments with the two types of 
accelerators are vastly different, and the results of the AIP study show that these differences are 
reflected in the two types of collaborations. Thus, whereas fixed-target experiments split and 
direct their beams toward a variety of targets either for a direct experiment, or to generate 
customized, secondary beams, colliders only generate interactions between the one or two 
particles that they accelerate. Engineering problems are much more severe in collider 
experiments. On the other hand, there is a continuity in fixed-target experiments in that typically 
successive modifications of the apparatus are done in order to explore all aspects of a particle's 
properties and uses.
These features predispose fixed-target experiments to being performed in "strings" with 
intellectual and social continuity. In contrast, because collider experiments are almost never 
assigned new experiment numbers, they are prone to be perceived as freestanding. Colliding- 
beam experimentation is characterized by the fact that beams and targets cannot be varied or 
customized to individual experiments. Thus, in the AIP sample collider experiments stressed 
one or another form of detection technique. This similarity was, however, often limited by 
differences in physics interests. So, unlike fixed-target experiments, which were characterized
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by enduring partnerships that led to strings of experiments, collider collaborations normally 
lasted only in so far as the accelerator worked well. It comes as no surprise then, that none of 
the collider collaborations in the sample followed a "string" experimental strategy.
Another result from Phase I has implications for the origins of interorganizational 
collaborations in HEP. Generally, two types of institutional groups took part in experiments: 
research teams from accelerator laboratories and university groups. Because academic high- 
energy funds were limited due to university and governmental changes, and because accelerator 
groups were fewer in number, collaborations could become larger by attracting more domestic 
academic organizations or foreign groups.
In the second phase of the AIP project, several typological features were discovered in 
space science collaborations. Two principal distinctions can be made about the six projects in 
the sample. Four were initiated with flight center support, and two were instigated from outside. 
Four space science projects were created because of a search for improved measurement of 
physical processes. The other two were formed to take advantage of rare astronomical 
configurations.
On the basis of the varying paths to fruition of space science projects, a crude spectrum 
of types, associated with their social origins, was suggested. The types ranged from 
community-reforming through community-affirming to community-creating. Community-affirming 
projects usually got their impetus from within flight centers. The two extremes of the spectrum 
were represented by outsider-instigated projects, which either sought to redirect the research 
community's attention or made an attempt to create a new sub-community, which was 
considered important (AIP 1995a).
The central finding about collaborations in geophysics and oceanography was that they 
tended to belong to one of two distinct types: "technique-importing" and "technique-aggregating" 
projects. The two types of interorganizational collaborations in geophysics were likely to have 
specific paths of formation and management, largely determined by their technological essence.
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"Technique importing projects" sought to apply in academic geophysics a method that 
had proven its utility in other areas of science and industry. The scientists who started such 
projects typically formed consortia. Executives were hired to manage the deployment of the 
technique. Often such consortia tended to turn into freestanding institutions in their own right.
"Technique aggregating projects," on the other hand, were usually formed in order to 
attract diverse researchers for the investigation of a site or a process. Such projects ordinarily 
were headed by one of the instigators, who directed a "Science Management Office" that had the 
responsibility of supervising the logistics of deploying several experiments, included in the 
collaboration. The organizational framework of the second type of geophysical collaborations 
was fairly simple, and the autonomy of each PI was respected.
The typological characteristics identified during the first two phases of the AIP project 
provide a solid conceptual basis for the attempt to build a typology of multi-institutional 
collaborations in science. First of all, they were empirically derived and confirmed in the course 
of discussions with leading physicists that either took part in collaborative projects or had expert 
knowledge of the development of high-energy physics, space science, and geophysics. Second, 
but not less important, these typological findings generally increase our awareness of the 
significance of taking into consideration the technological dimension, when doing comparisons 
and classifications, involving several physical specialties. As a general hypothesis, it is 
reasonable to expect that the structural, organizational, and social features of multi-institutional 
collaborations are closely associated with the character of field-specific research and 
technology.
While the construction and elaboration of a typology of multi-institutional collaborations 
in science is, in and of itself, a daunting and challenging task, the analysis should not be limited 
to attaining this goal only. It is far more important and sociologically interesting to make an 
attempt to explain
1) why different interorganizational collaborative arrangements originate in science,
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2) how and why multi-institutional collaborations are organized in various ways,
3) how they function,
4) how decisions are typically made,
5) what, if any, is the impact of type of collaboration on performance,
6) what interpersonal processes take place in collaborative projects and how they affect 
cooperative work,
7) what are the relationships of multi-institutional collaborations with their external environments.
To answer these questions, the present research will be guided by two main theoretical 
perspectives in organizational studies-resource dependence theory and garbage can theory. 
Resource dependence theory falls into the camp of organization theories that are concerned with 
the relations between organizations and their environment. It was developed using a "natural 
selection model", or population ecology approach. The population ecology approach treats 
organizations at the population level and posits that the environment differentially selects 
organizations for survival. Resource dependence theory, on the other hand, argues that 
organizations should be studied as active agents, which make decisions how to respond or try to 
change their environment (Aldrich and Pfeffer 1976).
The starting point for this model is "the indisputable proposition that organizations are 
not able to internally generate either all the resources or functions required to maintain 
themselves, and therefore organizations must enter into transactions and relations with elements 
of the environment that can supply the required resources and services." (Aldrich and Pfeffer 
1976, p. 83). Thus, it is the inability to generate internal resources that creates 
interdependencies among organizations. This is, in a sense, inevitable, since organizations as 
open systems presuppose exchanges and dependencies, which in turn give rise to external 
control. These interdependencies could be of two types--outcome interdependence and 
behavior interdependence. The managers and administrators of organizations attempt to 
manage their external dependencies for a number of reasons, one of which is to try to secure
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survival and success of their establishments (Pfeffer 1982). Organizations regularly try to 
control their dependencies utilizing various strategies. The two most common ways to manage 
dependencies are through acquisition and ownership (e.g. mergers) and through coordination 
(e.g. co-optation, boards of directors, advisory boards, joint ventures, mutual agreements). The 
latter represents a social agreement to stabilize mutual interdependence, and has the advantage 
of greater flexibility (Pfeffer and Salancik 1978).
Although the resource dependence model is predominantly an environmental 
perspective on organizations, it also places some emphasis on rational action and rational 
choice. Internal processes of decision-making are regarded as a crucial element in 
organizational change, despite the fact that most often they are initiated by external pressures. 
Not surprisingly, then, this tradition devotes substantial attention to concentration of resource 
control and issues of power acquisition, distribution, and maintenance. The use of power in the 
decision-making process is predicated on two characteristics of resources—how scarce and how 
critical they are (Pfeffer 1977). Thus, for power to be exercised, organizational dependence on 
such resources has to be created. Pfeffer gives an interesting example of the establishment of 
power in science and technology by referring to the tendency of NSF to gain power by putting 
funded projects on shorter review cycles, so that it is necessary to constantly request funds and 
justify what has been achieved (Pfeffer 1981, p. 109). Several features of the resource 
dependence model make it appealing to use as a theoretical framework in explaining multi- 
institutional collaborations in science. First, it strikes a good balance between external 
contingencies and internal conceptualization and decision-making about these contingencies. 
The resulting image of a loose coupling between the organization and its environment may be 
particularly fruitful for interorganizational projects in science. Second, it is particularly 
appropriate for conceptualizing interorganizational project formation, since most often research 
units, or expert members of such units, make agreements to work together because no single 
organization has the monetary resources, facilities, or expertise to undertake a demanding
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experiment, mission, or study. Third, it puts heavy emphasis on power as a mediating factor 
between the organization and its environment, but at the same time allows for the avoidance of 
use of power for resource-allocation, when goals and criteria are broadly shared among 
participants in organizations. Collaborative arrangements in science are complex organizational 
forms, where both the use of power for distribution of resources by certain entities (scientific 
leader, administrative leader, Executive Committee) and the use of consensus in decision­
making are common.
Whereas resource dependence theory offers a better account of the origin of 
interorganizational collaborations in science, as well as the more systematic and rational 
processes of management, planning, and decision-making on particular issues, garbage can 
theory provides some clues to the uncertainty, goal changes, and ambiguity endemic in some 
research projects. Garbage can theory is chiefly a decision-making model, which emphasizes 
the problematic and uncertain nature of this process in certain types of organizations or sets of 
organizations. According to Musselin, the garbage can model was developed as a result of 
studies of educational institutions at the end of the 1960s, when they were shaken by student 
demonstrations (Musselin 1996, p. 55).
The founders of this theory-Cohen, March, and Olsen-studied decision-making in such 
institutions during a time of turmoil, which appeared haphazard, opportunistic, and disorganized. 
Two main concepts emerged from this study: organized anarchies and garbage cans.
Organized anarchies are basically organizations, which are best described by three 
characteristics: problematic preferences (loose collection of ideas), unclear technology (reliance 
on trial-and-error procedures), and fluid participation (varying efforts and amount of time spent by 
participants)(Cohen et al. 1972). The most common examples of such organized anarchies are 
public, educational, and illegitimate organizations.
The second notion springs out of the view that choices are central to particular kinds of 
organizations, and the choice opportunity is "a garbage can into which various kinds of problems
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and solutions are dumped by participants as they are generated." (Cohen et al. 1972, p. 2). 
Hence, decisions are typically outcomes of four relatively independent streams within 
organizations: choice opportunities, problems, participants, and solutions. In a garbage can 
model four basic variables (each one as a function of time) are considered: a stream of choices; 
a stream of problems; a stream of energy from participants; and a rate of flow of solutions. These 
variables are then included in a computer simulation model, which relies on three key behavioral 
assumptions: energy additivity, energy allocation, and problem allocation (each problem being 
attached to one choice only)(Cohen et al. 1972, p. 3). One example of application of the 
garbage can model is the reduction of slack in universities. The implication of the model for 
situations, where slack decreases, holding technical and value heterogeneity constant, the 
decision structure shifts from unsegmented to specialized and to hierarchical. The predictions 
generated by the model are then compared to real observations of universities. Cohen, March, 
and Olsen point out that universities are probably the organizations for which their theory works 
best, since decisions there often do not solve problems, choices are by flight or oversight, and 
there is a frequent transformation of decisions (Cohen et al. 1972).
Recent research within the garbage can framework has focused on expanding the 
formal model by including additional variables like learning and environmental indicators, 
modifying and questioning some of the implications of the theory, applying it to different 
organizational contexts (Warglien and Masuch 1996). Garbage can theory is quite controversial. 
Thus, even advocates of this approach admit that it has certain limitations. With regard to the 
empirical studies using garbage can models, Musselin states that most of them deal with 
exceptions, the organizational context is often ignored, coherent structure is neglected, and 
ambiguity is emphasized. She found that German and French universities in the 1990s had 
much more structured and regulated decision-making than would be expected by the garbage 
can model (Musselin 1996). Other authors, for example Friedberg, point out that present-day 
universities can hardly be characterized as organized anarchies, since it is difficult to imagine a
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more formal and bureaucratic setting (Friedberg 1996, p. 113). Some of the criticisms are not 
entirely justified, since Cohen, March, and Olsen were fully aware of the limitations of the theory 
and explicitly stated these limitations. They make it clear that the garbage can model relies on 
assumptions that produce particular implications, but other assumptions could result in different 
outcomes. Further, they state that the garbage can model is not a panacea, and it works best in 
situations that cannot be adequately explained by rational organizational theories (Cohen et al. 
1972).
Garbage can theory can be useful for the study of multi-institutional collaborations in at 
least two ways. First, it is especially appropriate, as Clarke argues, for investigating decision 
processes in groups of organizations, where responsibilities are ill defined, there is negotiation of 
problems and choices, and sometimes a lack of central authority. At least some 
interorganizational collaborations in science can be expected to have such features. Frequently 
interorganizational scientific arrangements are a "mixed case": there is a combination of a fairly 
formal structure and negotiated decision-making. In such instances garbage can theory can 
supplement rational explanations. Second, since scientific research and technology 
development are often rife with uncertainty and unpredictability, and since often diverse groups 
with different professional ideologies must work together in MICs, there is a propensity for loose 
coupling among choices, problems, participants, and solutions. The garbage can model is well- 
suited to cover such situations.
A brief recapitulation of the discussion so far is in order. Multi-institutional collaborations 
in science have been established as a sociologically important recent organizational form of 
knowledge production. In spite of some encouraging work in social studies of science, the 
description and explanation of these interorganizational formation is still at a stage of "theory in 
the making." We can advance this theory by a systematic quantitative comparative study of the 
range of variation and the sociological consequences of these "virtual organizations." The 
overview of the state of organizational research on taxonomies shows that there is a great
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ambiguity and debate as to what the crucial classification factors should be. Nevertheless, a set 
of structural dimensions seem to emerge as recurrent criteria. Some of these dimensions are 
most notably incorporated in two typologies that specifically target R&D establishments (Whitley 
1984; Shrum and Morris 1990). These classifications and prior results from the first two waves 
of a long-term AIP study of MICs in physics could form the basis of the construction of multiple 
typologies of interorganizational scientific collaborations.
These typologies, however, are of limited value in the abstract. They acquire theoretical 
significance insofar as we link them to explanations of how collaborations in science emerge, 
how they function, why they are organized in various ways, how they are related to important 
sociological consequences (success, conflict, trust, stress, documentary routines). Two 
theoretical perspectives from organizational studies (resource dependence theory and garbage 
can theory) and the conceptual insights from social studies of scientific collaborations will 
facilitate the establishment of these links. At present, however, there are not codifiable 
hypotheses whether there is a single typology that best explains the social organization of MICs 
and predicts their outcomes.
I would argue that, for a variety of reasons, such a typology would most likely be based 
on a broad understanding of technological practice. Not only are the building and use of 
hardware significant, but also the notion of practice as technical change, innovation, 
management of research topics, and organization of analytical tasks. Several findings and 
observations seem to favor this line of reasoning. First of all, most collaborations are heavily 
instrumental. Even when their main purpose is to do fundamental research, they depend to a 
substantial degree on experimentation, observations or some other form of data analysis 
involving sophisticated equipment or some sort of technical procedures. Second, the preceding 
literature review showed that in a number of fields interorganizational projects are socially 
organized and managed in specific ways according to the particular manner in which they rely on 
technology or use facilities to acquire data. A case in point is the differentiation between fixed-
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target and colliding-beam experiments in HEP, as well as between technique-importing and 
technique-aggregating projects in geophysics. The technological "imperative" is also obvious in 
other studies of cooperative arrangements in science. Both Zabusky and Knorr-Cetina, for 
instance, notice that technical objects have the ability to shape group structure and 
management of large projects in space science and HEP respectively. Third, often the sole 
objective of a collaborative venture is to build equipment (e.g. telescope-building collaborations 
in ground-based astronomy). Thus, the success of such interorganizational projects is 
measured by the extent to which this objective has been accomplished. Fourth, other 
sociological outcomes of R&D collaborations like conflict, documentary routines, trust, and stress 
could reasonably be expected to be affected by decisions on technical matters, deadlines to get 
certain instruments running within pre-established parameters, the selection of topics to be 
analyzed, and other aspects of technological practice.
So a strong case can be made on theoretical grounds that a broadly defined concept of 
technological practice ought to be useful as the most important factor shaping the social 
organization of MICs. However, it is my belief that, given the present state of our knowledge on 
collaborations in science, this issue can and should be resolved empirically. In short, by bridging 
social studies of science and organizational theory, I attempt to overcome the shortcomings of 
both and contribute to the development of an explanation of multi-institutional collaborations 
through a systematic analysis of the most extensive data set on scientific collaborations to date.
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CHAPTER THREE 
METHODS AND STUDY DESIGN
This study will utilize a cross-sectional study design to create typologies of multi- 
institutional collaborations in modern American science and determine whether types of 
collaboration are related to valued outcomes of scientific practice. The analysis will be done 
using data collected by the Center for History of Physics of the American Institute of Physics 
(AIP) in the course of a project on multi-institutional collaborations in physics. The project 
consists of three phases.
Phase I focused on collaborations in high-energy physics. Phase II proceeded with the 
study of interorganizational cooperative research in space science and geophysics. Phase 111, 
currently near completion, expanded the study to include several other physical subfields and 
some collaborations in sciences other than physics for comparison purposes.
The present research will rely on primary data analysis of information from the survey 
conducted during phase III and on selective secondary data analysis of summary data from 
phases I and II.
3.1 Data
3.1.1 Phase I: High-Energy Physics
Since multi-institutional collaborations have increasingly established themselves as an 
organizational framework for research in physics over the past twenty years alongside other 
more traditional forms, it was necessary to conduct a thorough study of their characteristics in 
view of the insufficient and scattered attempts at individual description. This need was the main 
impetus prompting the AIP to undertake a comprehensive long-term research project in 1989. It 
was envisaged as a multi-stage investigation that would include at least three stages.
56
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The study was initially designed "to identify patterns of collaborations, define the scope 
of the documentation problems, field-test possible solutions, and recommend future actions."
(AIP 1992a, p. 3).
The first stage was devoted to the study of high-energy physics and lasted two years, 
from 1989 to 1991. This field of physics was chosen because it is a well-defined field with a 
clear institutional structure, and multi-institutional collaborations are the rule rather than the 
exception. They take the form of large experiments or strings of experiments carried out over 
several years at an accelerator site.
Although the high-energy physics (HEP) community has risen to great prominence after 
World W ar II, it is a small and fairly well-known group. As Traweek points out, according to its 
leaders there are no more than 1,000 very active researchers in HEP in the world, with another 
2,000 who are abreast of the most recent developments (Traweek 1988).4
The selection of collaborations to be included in the sample was facilitated by the 
existence of fairly well-kept data bases in most of the accelerator sites as well as the archives of 
the funding agencies (DOE and NSF). The first phase of the long-term project on multi- 
institutional collaborations in physics concentrated on collaborative experiments approved 
between 1973 and 1984 at five of the world's major accelerator centers: the Brookhaven National 
Laboratory (BNL), the Cornell Electron Storage Ring (CESR), the European Center for Nuclear 
Research (CERN), the Fermi National Accelerator Laboratory (FNAL), and the Stanford Linear 
Accelerator Center (SLAC).
The sampling procedure consisted of two stages: 1) selection of experiments to be 
studied, and 2) selection of participants in those experiments to be interviewed (Guerrero 1993). 
Non-random sampling was used to determine which collaborations will be included. In other
“For a more thorough description of the organization of work, social structures, funding 
and development of HEP see Traweek (1988) and Galison (1987).
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words, not every HEP experiment had an equal probability of being chosen, such that there is 
some selection bias in favor of more "successful" experiments.
The criteria used to construct the sampling frame were of two kinds (as defined by the 
group itself): sociological and physical. The first included size of collaboration, start-up time, 
duration, success of the experiment, the site, and the amount of subcontracting work. The 
scientific criteria were: detector type, a beam dump, a rare process, a crucial test of theory, a 
non-accelerator experiment, high transverse momentum, start-up of an electronic facility, and 
precision experiment (Guerrero 1993, p. 45).
The use of predefined criteria and groups to sample roughly resembles stratified 
sampling. However, as has already been mentioned neither proportional stratified, nor any other 
type of probability sampling was conducted. The final choice of cases was made on the basis of 
a list of 72 experiments. The latter were restricted to four U.S. sites and were generated by the 
Working Group that took into account additional suggestions by three DOE sites. The list was 
first restricted to 27 experiments considered "most important," and was then further reduced to 
19 (based on availability of spokespersons and other key participants). The final set of 
experiments consisted of the following collaborations: BNL 643, BNL 650, BNL 654, BNL 734, 
BNL791, FNAL289, FNAL 398, FNAL428, FNAL616, FNAL 632, FNAL715, SLAC-PEP-004- 
009, SLAC E-132, SLAC E-137, SLAC SP-024, SLAC-PEP-032, SLAC-PEP-006, SLAC-SP- 
007B and one non-accelerator experiment-P-DECAY-IMB.
Despite possible criticisms about sampling bias, the final group of experiments in the 
sample is important, since it reflects to a substantial degree the "native view" in the HEP 
community. The sample represents the successful collaborations or an ideal set of experiments. 
The analysis of factors and conditions that lead to success thus is of great value for the 
members of the physics research community.
The selection of subjects to be interviewed was accomplished after consultations with 
the spokespersons of the collaborations in the final sample. They included spokespersons,
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physicists, graduate students, engineers, postdocs, computer specialists, technicians, and 
women physicists. Separate interview questionnaires were created for five of these groups of 
respondents. All in all, close to 300 interviews on the selected experiments were conducted by 
using structured interviews. The interviewers were seven members of the AIP staff.
The taped interviews were later transcribed, and the transcripts were used for the 
thematic content analysis utilized to write up the final reports.5
The present research will utilize the data from phase I to a limited extent for comparisons 
of types of multi-institutional collaborations across the three phases. Specifically, the summary 
thematic files for each of 19 experiments, created by project historian Joel Genuth, are recoded 
and statistically analyzed.
3.1.2 Phase II: Space Science and Geophysics
During phase II the AIP Working Group focused its attention on space science, 
geophysics, and oceanography. These fields, too, have traditions of teamwork involving several 
organizations. The organization and conduct of cooperative missions or projects, however, have 
some specific features that set them apart from HEP. At the same time there certainly exist 
some overlaps and common characteristics.
The goal in the second phase was to see how multi-institutional collaborative projects in 
the three fields were organized-both socially and technically, and whether there were 
differences that were not typical of high-energy physics. The focus was again on research sites. 
Whereas in HEP those were mainly the accelerators, in space science, geophysics, and 
oceanography the sites were either research vehicles (spacecraft and ocean-going vessels) or 
systems of data gathering.
The purpose during the second leg of the AIP project was not so much in-depth 
description but coverage of a wide range of features of collaborations. In geophysics and
5Content analysis was the preferred method since all the questions asked during the first 
phase were open-ended.
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oceanography, for example, an attempt was made to include seismographical, climatological, 
and oceanographic research, both internationally and nationally recognized projects, and both 
smaller and larger collaborations.
The sampling design was very similar to the one used in Phase I. Following 
recommendations of the Working Group and discussions with administrators from NASA, NSF, 
and other agencies, thirty candidate-projects were selected. After review of the literature and 
extensive consultations, it was decided to focus on fourteen representative projects in space 
science and geophysics that were conducted during the same period as the experiments in high- 
energy physics. The final sample consisted of six collaborations in space science and eight 
projects in geophysics and oceanography.
In space science the selected case studies were: the Active Magnetospheric Particle 
Tracer Experiment (AMPTE); the Einstein Observatory (HEAO-2); GIOTTO; the International 
Sun Earth Explorer (ISEE); the International Ultraviolet Explorer (IUE); VOYAGER. The 
American participation in these projects was almost exclusively funded by NASA, and the 
international (European)—by ESA (AIP 1995b).
The eight collaborations chosen to represent multi-institutional cooperative research in 
geophysics and oceanography were: the Consortium for Continental Reflection Profiling 
(COCORP); the Deep Sea Drilling Project (DSDP); the Greenland Ice Sheet Project 
(GISP/GISP2); the Incorporated Research Institutes for Seismology (IRIS); the International 
Satellite Cloud Climatology Project (ISCCP); the Parkfield Earthquake Prediction Experiment; 
the Warm Core Rings (WCR); and the World Ocean Circulation Experiment (WOCE). Funding 
for the American part of these research efforts was provided mainly by NSF, NOAA, and ONR. 
International participation was funded by various sources (AIP 1995b).
After an intensive preparatory stage approximately 200 interviews were conducted with 
academic and government scientists. Special attention was devoted during this phase to 
subcontracting, because of the particular managerial and record-keeping issues that it implies.
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Eleven special "perspective interviews" were conducted with policy makers and funding 
agencies program officers due to their important role in collaborations in space science and 
geophysics.
In addition to some modifications in the questionnaires used for high-energy physics, 
three new question sets were developed-one to be used during a meeting with an archivist, one 
for a meeting with a records manager, and one when both were present. This was done 
because of the complexity and variety of institutional settings in Phase II of the project. The 
fieldwork was done mainly between March 1992 and May 1994.
Preparation of the data for analysis was similar to the process in the first phase. 
Transcripts of the interview tapes were obtained, then indexed by historical themes and archival 
issues, and coded (AIP 1995).
The data from the study of interorganizational collaborations in space science, 
geophysics and oceanography will again be obtained from the summary thematic files of 
collaborations compiled by the project historian Joel Genuth. These will be coded for 
comparisons with other phases of the study.
3.1.3 Phase III: Comparisons, General Conclusions, and Policy Recommendations
Phase III of the AIP project is in a certain sense the most challenging and crucial. The 
methodology used in this stage moves away from the collection of exhaustive data in favor of a 
more selective approach. It was designed to provide a foundation for generalizations on 
archivally important practices of multi-institutional collaborations in a variety of fields (AIP 1994).
The goal of this final phase is to build upon the findings from the earlier stages and move 
toward more comparative and policy-oriented endeavors. A further difference from the study of 
interorganizational arrangements in HEP, space science, and geophysics is that some 
specialties outside physics are investigated. Instead of interviewing a cross-section of members 
of several collaborations in one or two fields (as in the first two phases), a few collaborations 
were chosen in a number of fields, and interviews were restricted to up to three members per
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collaboration. The interviewees were scientists in high administrative positions or those who 
performed scientific leadership roles in a particular project (AIP 1994).
After consultations with science historians, journalists, and program officers at NSF, ten 
broad fields were identified. After preliminary research and discussions, those were reduced to 
five main areas and one additional form of interorganizational cooperative research. At a 
meeting of the core members of the Working Group on October 15, 1995 collaborations in the 
following five fields were selected: 1) uses of accelerators; 2) ground-based astronomy; 3) 
materials research; 4) medical physics and clinical medicine; 5) computer-centered 
collaborations.
The first field is important, since experimental groups in different applications of 
accelerators have long used particle accelerators in special energy ranges in similar ways to 
HEP. Heavy-ion physics is becoming a major concern of BNL, and these collaborations may be 
expected to show similar patterns to those in HEP. The second field presents a special interest, 
since interorganizational collaborations are prominent in the construction of telescopes (the 
Wisconsin-Yale-Kitt Peak Project, the Columbus and the Magellan Telescopes). Materials 
research provides an interesting case of collaboration between universities, industrial and 
government laboratories. W e selected the Superconductivity Center at the University of Illinois, 
the Polymer Interface Center, and several others. In medical physics and clinical medicine, 
multi-institutional collaborations are usually formed to pursue a new technique or therapy like 
digital mammography and image-guided needle biopsy. The last group of interorganizational 
collaborative projects is exemplified by the National Collaboratory, which is supported by NSF 
and is not a field but an organizational structure to tackle challenging research problems. An 
example of this type of joint venture is the Upper Atmospheric Research Collaboratory (UARC). 
What these projects share is a focus on a special mode of work centering on computers.
The process of selection yielded a final sample of 23 interorganizational collaborations. 
The AIP staff and one of the sociologists conducted 78 interviews altogether, or roughly three
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scientists per collaboration. Unlike the previous two phases, a single question set was utilized to 
elicit information on organizational structure, operational functions, patterns of communication, 
and archival practices of the targeted projects.
Several drafts of the instrument were developed before the final version was tested in 
five pilot interviews. The feedback from the analysis of those interviews was used to make the 
final modifications in the questionnaire.
Face-to-face interviews with scientists in the sample were conducted between October, 
1996 and February 1998. Upon completion of the fieldwork during Phase III the taped interviews 
were transcribed, coded, and analyzed. The questionnaire for the final phase of the AIP project 
contains the most important variables needed for typological analysis, since it was designed 
with that analysis in mind. It also has a limited overlap with some variables used in the 
instruments during Phases I and II. Therefore, apart from a description of the five fields included 
in the third phase, comparisons can be made on selected crucial dimensions with collaborations 
in HEP, space science, and geophysics.
3.2 Instrumentation
In view of the need for comparisons and standardization of the analysis across the three 
phases, special emphasis was put on the design and construction of the instrument used for 
data collection in the final stage of the project. An additional consideration was the decision to 
employ only one questionnaire in the concluding phase. From the experience of the first two 
phases, where there were some difficulties with the coding due to the fact that the questionnaire 
items were almost exclusively open-ended, we decided to make most of the questions closed- 
ended during the final phase. This facilitated the coding process and the fulfillment of the goal of 
building a typology by using quantitative methods of analysis.
The questionnaire was constructed in several stages with the first step being the 
identification of the relevant dimensions to be operationalized in specific questions. A strategy of 
maximum continuity was adopted in order to accomplish this task. The most important
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dimensions of multi-institutional collaborations in physics were extracted from the final reports of 
Phases I and II. Two groups of dimensions emerged: specific and general. The first included 
aspects of collaborations that were idiosyncratic for a particular field—for example characteristics 
of geophysics. The second embraced characteristics of interorganizational cooperative entities 
that were common across fields. This group of dimensions constituted the most general model 
for the study of multi-institutional collaborations (see Appendix B). It contained eleven broad 
categories with over 90 subdimensions. Further discussion and consultations led to the 
realization that it was necessary to narrow the set of dimensions to the most crucial properties of 
multi-institutional collaborations in order to permit meaningful comparisons across fields and the 
identification of significant patterns. Finally, twelve broad groups with approximately fifty 
subdimensions were singled out as the elements of the typological models to be tested (see 
Appendix B). This constituted the basis for construction of the questionnaire set, where those 
characteristics were operationalized in specific questions.
The questionnaire for phase III was designed, so far as possible, for compatibility with 
the already existing set of questionnaires used in the study of space science and 
geophysics/oceanography. The questions were preserved, although most of them were 
converted to closed-ended format. Approximately two thirds of the questions in the instrument 
for Phase III were of that nature. The other third of the questions were formulated in such a way 
as to allow the closest possible approximation of wording that would elicit information similar or 
identical to the first two phases.
The design of the questionnaire served a twofold purpose. On the one hand, it was 
aimed at collecting as much information as possible. On the other hand, it had to be sufficiently 
clear and compact so as to allow coverage of all the important aspects of multi-institutional 
collaborations within a two-hour face-to-face interview.
The instrument underwent no less than seven revisions for improvement in the logical 
flow and phrasing of the questions. After the first five drafts it was pretested by conducting five
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pilot interviews. Some of these were carried out with scientists who participated in collaborations 
of interest in phase III. Some of them were completed with physicists who had taken part in 
collaborative experiments in HEP. Two of the pilot interviews were in the field of ground-based 
astronomy.6
The test interviews showed that the questionnaire was better suited for Pis and 
spokespersons than for regular researchers. The analysis of these interviews showed that 
whereas the timing of the interviews was not a serious problem (they could be completed in no 
more than two hours), there was a need for restructuring the instrument so that maximum 
efficiency could be achieved. This resulted in adopting the following structure of the 
questionnaire: 1) short introductory part; 2) closed-ended section, which should take twenty 
minutes to complete; 3) archival questions; 4) open-ended questions, which gave the interviewee 
an opportunity to elaborate on the topics already covered in the short-answer questions part. 
Altogether the final version of the questionnaire consisted of 96 questions (see Appendix C).
Once the data were collected, coded, and cleaned, the information from the individual 
interviews was aggregated to create a "collaborations file" with twenty-three units of analysis 
(see Appendix E for a description of the principles employed in this procedure). Finally, the data 
were prepared for cluster analysis by grouping the twelve broader blocks of variables into seven
T h e  first was with Prof. Leo Blitz at the University of Maryland on the BIMA array 
consortium, and the second-with Prof. William Hamilton at Louisiana State University about the 
collaboration to build the next generation of mass gravitational wave detectors (the spherical 
antenna TIGA). The third interviewee was Dr. John Green at Lockheed-Martin, Baltimore, who 
talked about the Smart Materials Consortium. One test interview was conducted with Prof. 
Richard Imlay from Louisiana State University on his participation in the ZEUS experiment at the 
HERA electron-proton collider in Germany. It was in the field of high-energy physics. The last 
pilot interview was about an experiment in heavy-ion physics involving the collaboration of six 
organizations. Prof. Paul Kirk from LSU elaborated on his work on this project-the Di-Lepton 
Spectrometer collaboration at LBL. As expected by the AIP staff, this last interview revealed a 
lot of similarities between heavy-ion physics and HEP with respect to how multi-institutional 
collaborations are organized and how they function.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
66
structural dimensions: project formation, magnitude, organization and management, 
interdependence, participation, communication, technological practice.7
The dependent variables in this study are success, trust, conflict, stress, and 
documentation practice.
Success is measured by five indicators that reflect aspects of performance each coded 
on an ordinal scale: own perception of successfulness of the project, other people's opinion of 
successfulness of the project, level of accomplishment, timeliness of completion, cost- 
effectiveness. As mentioned above, since there was a selection bias in favor of comparatively 
successful projects, the performance variables set has to be treated with caution. The aim is not 
to compare factors that distinguish successful from unsuccessful projects, but to find out whether 
degrees of success could be distinguished. Another reason for caution in the analysis of 
responses on the performance variables is that in science there is a great deal of uncertainty and 
often a need for readjustment of the initial goals, given unexpected results and unforeseen 
implications in the course of research.
Trust was operationalized by two indicators: degree of trust toward other researchers 
(ordinal) and degree of trust toward the project management (ordinal).
Conflict, like trust, is an important interpersonal relation that mirrors the social climate 
within the multi-institutional collaborations. Several variables are used to reflect the state of 
discord: seriousness of disagreements between teams (ordinal), between junior and senior 
members (ordinal), between scientists and engineers (ordinal), between researchers and the 
project management (ordinal), over interpretation of results (dichotomous), over priority (ordinal), 
and over allocation of credit (ordinal). Stress is operationalized by a single indicator: the degree 
of stress induced by deadlines (ordinal).
7The criteria for this selection are presented in Appendix D.
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Two indicators capture the most important aspects of documentary practice: quality of 
records and dispersion of records. Records quality was estimated for each collaboration by the 
AIP staff on an ordinal scale. Dispersion was measured by number of locations where 
collaboration records are kept. In both cases we are dealing with "core" records as defined by 
the AIP archivists.
The independent variables fall into the seven structural dimensions that were derived for 
subsequent clustering of collaborative projects. Most of the variables are dichotomous.
The first group (project formation) encompasses the following variables: sectoral origin 
(nominal); presence of dominant sector in project instigation (dichotomous); supervision of 
planned project (dichotomous); need for funding agency reorganization (dichotomous); role of 
pre-existing relationships (ordinal); role of "brokered" relationships (ordinal).
The block of characteristics measuring magnitude consists of the following variables: 
number of organizations (continuous); number of subcontracts (continuous); number of 
participants (continuous); number of graduate students (continuous); number of teams 
(continuous); costs for personnel (continuous); costs for instruments (continuous); length from 
formulation of the original idea to funding (continuous); length from funding to first publication of 
project results (continuous).
The next group, which is most interesting from an organizational point of view, is 
comprised of presence of a lead center (dichotomous), contracts (dichotomous), designated 
scientific leader (dichotomous), designated administrative leader (dichotomous), difference in 
authority of leaders (dichotomous), presence of advisory committee (dichotomous), division of 
labor (dichotomous), levels of authority (ordinal), system of rules (dichotomous), coordination of 
schedules (dichotomous), flexibility of timetable (ordinal), self-evaluation (dichotomous), and 
outside evaluation (dichotomous). Three categorical variables in this set indicate the identity of 
the main decision-maker on a number of issues. The last variable in this subgroup measures 
style of decision-making on a Likert type scale with values ranging from "strongly hierarchical" to
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"strongly consensual." The remaining organizational variables are: degree of centralization of 
decision- making (ordinal), division between administrative and intellectual authority 
(dichotomous), sectoral composition (nominal), occupation of distinct roles (dichotomous).
All the variables that comprise the next dimension (interdependence) are measured on a 
Likert scale and tap analytical and instrumental dependencies among research teams within the 
collaborations: instrumentation autonomy, degree of data sharing, autonomy in analyzing shared 
data, and autonomy in other matters.
The variable set for participation includes graduate student participation (ordinal), 
pressure from home organization (dichotomous), type of participation (nominal), degree of 
involvement (ordinal), and international participation (dichotomous).
Communication was adopted as a more general heading to combine the original 
dimensions of communication within the collaboration itself with external relations. This was 
deemed appropriate, since the two blocks of variables deal in essence with instances of 
interaction within the collaboration and of the collaboration with outside agencies that constitute 
patterned interrelations most often perceived as aspects of communication in general. The  
operationalization of variables measuring aspects of communication within the collaboration, 
was: presence of a communications center (dichotomous), means of communication 
(dichotomous), frequency of communication between teams (ordinal with five values), frequency 
of communication with the lead center (ordinal with five values), candidness of communication 
(ordinal). The variables comprising the subset on publications and external relations are 
dichotomous with the exception of existence of public relations office/officer, which was nominal 
with three categories. The other variables in this subgroup are management of external 
communication, restrictions on publications, public interest, political interest, press releases, 
popularization of the collaboration.
The next block was intended to capture variations in equipment design, instrument 
building, data acquisition and data manipulation and was more generally qualified as
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technological practice. With the exception of amount of subcontractor work (ordinal) all the 
variables in this set were coded as dichotomous. Those were respectively design of own 
equipment, building own equipment, outside subcontracting for instruments, technological 
advance, change in instrument, raw data modification, own computer programming, initial access 
to data, accuracy check (checking of collaboration results), reasons for accuracy check, 
supervision of analysis (management of topics for analysis), overlap of research topics, and 
problematic results.
Finally, since the number of variables within some dimensions was fairly large, 
exploratory factor analysis was performed to achieve data reduction.8
3.3 Analytical Methods
The typology of multi-institutional collaborations will be constructed using several 
methods of analysis. The preliminary step will be to employ descriptive statistics—means, 
standard deviations, correlations, and crosstabulations. This, however, will serve a limited 
purpose—to provide a picture of the initial distribution and set the tone for later analysis. That 
analysis will result in the identification of distinct types (groups) of observations, involving the 
calculation of a matrix of similarities (distances) between observations.
The second analytical phase will consist in applying cluster analysis to arrive at a 
plausible and meaningful classification of interorganizational collaborations. Analysis of variance 
will be used to establish associations between classifications and outcome measures.
Qualitative comparative analysis will be used to establish the configuration of structural variables 
that predict outcomes of collaborations. Before elaborating on the utilization of these techniques, 
however, several limitations of the data need to be mentioned.
8Details of the factor analytical procedure are discussed in Appendix D under item six. 
The indices created as a result of exploratory factor analysis are described in the appropriate 
sections, where results from cluster analyses are presented.
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First, the collaborations in the data set have been theoretically sampled and are 
therefore not a "representative sample" of the population of multi-institutional collaborations in 
physics in the statistical sense of the word. For that reason, it is probably better to approach the 
set of collaborations as a subpopulation, and not as a sample. Moreover, the selection of cases 
is biased in favor of more successful collaborations. The impact of sampling bias is probably 
greatest on perceived success and the relationships of typologies to success, but we cannot be 
sure what this effect really is, because some of the collaborations in our sample are not finished 
yet. Second, variables are measured at different levels (nominal, ordinal, continuous), which 
must be taken into account when selecting options within an analytical procedure. Third, since 
the number of variables is quite large, it is perhaps advisable to try to construct several 
typologies, based on blocks of variables that form a fairly compact and coherent conceptual 
group. Fourth, since the data are somewhat messy, it is probably necessary to employ several 
methods of grouping the units of analysis, and compare the results. We will have higher 
confidence in the typology whenever there is convergence of the results from different statistical 
procedures.
Bearing all that in mind, we now turn to a brief description of the advantages, 
disadvantages and rationale for using the three main analytical methods.
Cluster analysis is an appropriate procedure in our case because its chief purpose is to 
help create classifications. It is more suitable than discriminant analysis, since the latter requires 
the prior definition of groups. Cluster analysis, on the other hand, does not demand such 
predetermined sets, but is rather a procedure to find out how many clusters (groupings) are 
discernible in the particular data set under investigation. As there is no typology of multi- 
institutional collaborations to date, cluster analysis can be very useful in analyzing the "natural 
groupings" of collaborations.
Cluster analysis usually refers to a variety of statistical procedures used to create 
classifications (Aldenderfer and Blashfield 1984). The common link between these procedures
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is that they are aimed at reorganizing a set of observations into groups of similar entities. The 
similarities can be estimated using different statistical measures.
There is a controversy in the literature concerning the term "measures of similarity." 
Some authors make a distinction between similarity measures (coefficients of association and 
correlation) and dissimilarity measures (various distance coefficients)(Bailey 1975). Some 
researchers even distinguish between similarity measures and distance measures based on the 
fact that the former can only take on values between 0 and 1, and the latter can take any positive 
value ( Everitt 1980). In my opinion this is an unwarranted argument, since we can easily 
transform distance measures to range between 0 and 1, and distance measures are de facto a 
form of similarity measures (the smaller the distance, the greater the similarity between two 
observations on a particular variable). Therefore it is much more justified, following Sneath and 
Sokal, to treat the various types of coefficients used to cluster observations as being similarity 
measures. Sneath and Sokal divide coefficients roughly into four groups: distance coefficients, 
association coefficients, correlation coefficients, and probabilistic similarity coefficients (Sneath 
and Sokal 1973, pp. 119-120).
It is widely recognized that there is no single best similarity measure (or clustering 
method, for that matter). Most often, a particular measure will be more useful for a specific set of 
observations. Different cluster approaches may be suitable for different data sets. To 
complicate matters even further, different measures and procedures can and do produce slightly 
different solutions for the same data set.
Mezzich and Solomon tried to assess the relative merits of 18 quantitative taxonomic 
measures, commonly used for clustering , on data sets from four different fields (Mezzich and 
Solomon 1980). The three major criteria for assessment were external criterion validity, internal 
criterion validity, replicability and stability. The authors observed a definite variability of the 
measures across data sets. As far as the similarity measures are concerned, the overall 
performance was highest for Euclidean distance, the correlation coefficient and the city-block
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distance. Of course, these results cannot be considered conclusive, since the evaluation can 
change, depending on which clustering method is combined with which similarity measure, and 
what data set is analyzed.
Since the AIP data set on multi-institutional collaborations contains variables at various 
levels of measurement, we can rule out the use of association coefficients (the simple matching 
coefficient, Jaccard's coefficient, etc.), which are designed to measure similarity between 
observations on binary variables. The same holds true for probabilistic similarity coefficients.
This effectively limits the choice to correlation coefficients and various kinds of distance 
measures.
Correlation coefficients will be used as descriptive statistics, but will not be utilized 
extensively as similarity measures for clustering of collaborations. The primary measure is 
Pearson's product-moment coefficient, which can be applied to interval or ratio scale variables.
In the case of binary data it takes the form of the phi coefficient. By far the most popular 
correlation coefficient, Pearson's r becomes a bit controversial when we sum across variables 
for each case ( Bailey 1975, p. 66). Hence the need to standardize scores. However, there is a 
further problem with the product-moment coefficient. It does not satisfy one of the desirable 
conditions of similarity measures. This condition is known as distinguishability of identicals. In 
other words, two cases may have a perfect correlation across variables and yet not be identical. 
Nevertheless, when used carefully Pearson's correlation coefficient can be a valuable tool for the 
description of similarity between multi-institutional collaborations.
More extensive use in this research will be made of different kinds of distance 
measures, since almost all of them meet the metric criteria. Another appealing property of these 
similarity coefficients is their applicability to mixed type data such as these. Often 
standardization will be used by setting variable means to zero and standard deviations to one to 
offset the effect of the relative size of variables, a transformation routinely applied by researchers
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(Aldenderfer and Blashfield 1984, p. 26). The distance measures of greatest interest for the 
present study are Euclidean distance, the city-block metric, and Mahalanobis D2.
The next step is to select an appropriate clustering method. Sneath and Sokal have 
distinguished eight aspects of clustering methods: 1) agglomerative versus divisive methods; 2) 
hierarchic versus nonhierarchic methods; 3) nonoverlapping versus overlapping methods; 4) 
sequential versus simultaneous methods; 5) local versus global criteria; 6) direct versus iterative 
solutions; 7) weighted versus unweighted clustering; 8) nonadaptive versus adaptive clustering 
(Sneath and Sokal 1973). As they point out, the most frequently used clustering methods are 
the agglomerative, hierarchic, sequential, and nonoverlapping. Hence, solutions for 
classification of multi-institutional collaborations in science will be sought by employing such 
methods of clustering.
So far as the joining rules are concerned, two of the four most widespread ways of 
deriving agglomerative hierarchical clusters will be utilized—average linkage and Ward's method. 
Average linkage avoids the extremes of single linkage and complete linkage. This is the 
preferred linkage rule by most experts on cluster analysis (Bailey 1975, p. 108-112). Ward's 
method, on the other hand, is intuitively appealing, since it is designed to minimize the within 
cluster variance, which is in concordance with the aim of deriving homogeneous groups.
One final consideration regarding the use of cluster analysis is the number of 
observations and the number of variables. There are comparatively few cases both in the third 
phase data set of the AIP study of interorganizational collaborations (N=23) and even across all 
three phases (N=56). This could be a problem with some statistical techniques (OLS multiple 
regression analysis, logistic regression, factor analysis) but will not be a hindrance for cluster 
analysis, since most of this research involves less than 100 cases. Concerning the number of 
variables, it should be underlined that there is no generally accepted requirement. Sneath and
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Sokal, for example, point out that no less than 60 characters9 should be used, whenever 
possible, to achieve stable classifications (Sneath and Sokal 1973, p. 106). However, they go 
on to say that this requirement cannot actually be justified on either empirical or theoretical 
grounds.
The cluster membership characteristics of multi-institutional collaborations in the third 
phase will define distinct types of projects along selected dimensions (sets of dimensions). The 
next step is to find out how these types of MICs relate to specific dependent variables of interest. 
For that purpose a series of one-factor analyses of variance (ANOVAs) will be carried out. The 
technique is designed to test for the difference between several means on a certain dependent 
(criterion) variable. More specifically, we are testing the null hypothesis that all the group means 
are drawn from the same population, in which case there will be no statistically significant 
differences between them on the dependent variable. The independent (factor) variable in this 
case is cluster membership, or type of MIC. The dependent variable for each separate ANOVA 
is one of the measures of interest from the set of criterion variables.
Only the significant ANOVAs will be presented. In addition to the overall, or omnibus 
test to see if there are one or more means drawn from different normally distributed populations, 
results will also be reported from post-hoc multiple comparisons, which test for differences 
between individual means. The latter will be accomplished by utilizing the Tukey-Kramer 
Honestly Significant Difference test for the unequal groups case (see Lomax 1992).
The third major analytical technique used in the present study of multi-institutional 
collaborations is qualitative comparative analysis (QCA). QCA has recently become popular in 
sociology, resulting in several interesting empirical studies using that procedure (Ragin et al. 
1984; Ragin 1994; Kangas 1994). It uses the principles of Boolean algebra to discern patterns in 
data, and effectively amounts to a pattern-seeking, data reducing technique. QCA allows holistic
^ h e  biological term for variables.
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comparison of categories of similarly situated observations (Ragin et al. 1984). It is a case- 
oriented and not variable-oriented research strategy, which treats observations as combinations 
of characteristics. Another desirable characteristic of this technique is that it is often described 
as a "small-N strategy," unlike correlation and regression analysis, which are instances of a 
"large-N strategy" (Ragin 1994).
In the present research QCA will be especially valuable, since it will be the only method 
to study the effect of particular traits of collaborations on the dependent variables of interest.10 
Neither cluster analysis nor social network analysis are designed to examine causal 
relationships. In contrast, QCA typically involves both causal and outcome variables, which in 
the simplest case are dichotomous. However, more complex characteristics can also be 
included in this type of analysis.
Ragin et al. (1984) define several steps in Boolean-based qualitative comparative 
analysis. The first is to identify positive and negative cases on the outcome variable. The 
second is to define the causal (input) variables. The third is to recode interval-level variables to 
categorical level. The fourth step is to sort cases into their particular configurations of 
characteristics. The fifth step involves the construction of a truth table, and, finally, the sixth is 
the minimization of this truth table. The units of analysis thus become the configurations rather 
than the individual cases.
The crux of QCA is the derivation of truth tables and the reduction of logical expressions 
until no further minimization is possible. The initial truth table actually consists of the so-called 
"primitive" expressions. These are then reduced to "prime implicants," or expressions that 
combine compatible rows in the truth table. This bottom-up process continues until we reach the 
smallest number of implicants that cover all of the primitive expressions.
'“Another possible technique here is logistic regression. However, due to the small 
sample size such an application would be unwarranted owing to problems with reliability, 
efficiency, and bias in the logistic regression coefficients.
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Several features of case-oriented research, which is the goal of QCA should especially 
be emphasized: 1) attention to cases as configurations; 2) attention to causal conjunctures; 3) 
attention to causal heterogeneity; 4) attention to deviating cases and concern for invariance; 5) 
attention to qualitative outcomes (Ragin 1994).
QCA is often said to be "antistatistical" in the sense that it seeks complexity and not 
simplicity in data. This also means that no statistical tests for significance are typically 
performed using this technique. Generally, QCA has great discriminatory and data reduction 
power. Nevertheless, the results from QCA can be examined by using simple statistical tests. 
The two most commonly utilized tests for statistical significance in this case are: 1) the Z  or t-test 
for significant differences between groups, and 2) the 80 percent Rule (Ragin and Bradshaw 
1991).
Finally, there are some limitations in this dissertation research, which need to be 
explicated. The first is that the analysis and conclusions will refer mainly to the physical 
sciences. Whenever comparisons are made, they involve physics as the baseline discipline, 
against which interorganizational collaborations in other sciences are measured. Furthermore, 
this study is largely limited to physics in the American institutional context.
Next, the analysis uses a purposive, nonprobability sample. It was specifically targeted 
to include successful multi-institutional projects. From that standpoint, the results should be 
regarded as representing patterns (types) of successful collaborations across fields of physics 
and some other fields of science. To minimize one possible source of selection bias, I applied 
the split-half technique. The file containing information from the individual interviews with 
scientists was split into two equal halves of 39 observations each according to the time when the 
interviews were taken. Then I tested for the difference between the two means for all variables 
to be used in subsequent analysis. Only two mean differences (less than four percent of all 
mean comparisons) turned out to be significant at p<.05 for the two groups. These involved pre­
existing relationships and internal evaluation. Interestingly, the first was upward biased in favor
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of the first group of respondents, while the second was upward biased in favor of the second 
group. By and large, we can conclude that there is no selection bias due to differences in time 
periods when the interviews were conducted (roughly six months apart).
A further limitation concerns the methods of analysis. Since we are studying a sample 
of observations that might involve a certain selection bias, and since the analytical techniques 
employed to derive a classification do not in the typical case rely on stringent tests of statistical 
significance, such tests will be carried out when absolutely necessary and treated with caution. 
They should be interpreted as suggestive. Moreover, for the reasons discussed above, the 
results from cluster analysis will be compared to qualitative conclusions reached by 
interpretation of the interview transcripts to increase confidence in the typology.
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TYPOLOGICAL DIMENSIONS OF MULTI-INSTITUTIONAL COLLABORATIONS
This chapter is organized around the set of structural dimensions that was derived on 
theoretical and empirical grounds, constituting the conceptual foundation for building typologies 
of multi-institutional collaborations in science. Each dimension is analyzed descriptively. Then 
its most prominent characteristics are used to cluster collaborative projects into distinct types. 
Finally, all dimensions are combined to arrive at a multidimensional clustering, that reflects all 
seven general structural features.
Both the univariate descriptions and the bivariate associations were carried out on the 
collaborations file, since the analytical focus is on properties of collaborations rather than 
individual perceptions of those properties. To organize this analysis I utilized sixteen 
"breakdown" variables in order to reduce the total number of crosstabulations.11 The breakdown 
variables were chosen to reflect the importance of certain measures within each general 
dimension. Further, breakdown variables are those that display some significant variability—it is 
of no use to examine relationships where one of the factors is essentially constant. The final set 
of breakdown variables included field, sectoral composition, size (number of participants), 
institutional diversity (number of organizations), cognitive heterogeneity (number of teams), 
duration of time from formulation of the original idea to funding, duration of time from funding to 
first publication of results, international participation, levels of authority, the presence of 
designated scientific and administrative leaders, communications center, style of decision­
making, division of authority, disagreements between teams, and disagreements between 
researchers and project management. All breakdown variables were recoded as categorical 
except field of research, which was left in its original form (nonorderable discrete). The recoding 
yielded two variables with three categories (size and style of decision-making) and thirteen
11 The theoretically possible number of bivariate associations was huge (4,560).
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dichotomous variables in addition to field. Each of the breakdown variables was then 
crosstabulated with all remaining variables (including the other breakdown variables). Owing to 
the small size of the sample (n=23), only tables for crosstabulations in which the chi-square 
value is significant at the .05 probability level are reproduced.
The examination of univariate and bivariate distributions was a necessary prerequisite 
for the optimal selection of characteristics to classify interorganizational projects along the 
general dimensions. Several criteria were applied to select variables for cluster analysis. 
Dimensions to be used later as dependent variables were excluded (performance measures, 
archival measures). Those indicators that had little or no variation were dropped. Some 
variables that did not prove to be correlated with the breakdown variables during crosstabulation 
were excluded from cluster analysis, as well as indicators not measured on a suitable scale. 
Since we still had a fairly large number of variables, factor analysis was used to reduce this 
number for any particular cluster analysis.12
4.1 Project Formation
Project formation is important since it contributes to the pattern for the organizational, 
social, and intellectual evolution of collaborations. Often the inception of a collaborative 
endeavor bears upon the formation of social relationships, and subsequent functioning of the 
project. Interorganizational scientific arrangements have a variety of origins and form for a 
variety of reasons. Some collaborations are simply an extension of a previous research 
program. Others originate as entirely new studies. Some pursue a pet idea of an eminent 
scientist, who is the main driving force behind the attraction of other scientists from different 
organizations. Others start out as a response to an external opportunity for funding or for the 
use of a complex advanced facility. Most collaborations are planned as rational, institutional
12The process of selecting variables for clustering of collaborations is described in detail 
in Appendix D.
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pursuits of a worthwhile scientific goal. However, others may arise as a result of an accidental 
opportunity like co-presence at a meeting (Kreiner and Schultz 1993).
There are numerous reasons for the formation of collaborations. Two common motives 
for cooperation in general are pooling together of valued resources and reaction to a perceived 
threat (Axelrod 1984). In addition, an increasingly uncertain and competitive environment plays 
a role (Kreiner and Schultz 1993). The formation of interorganizational relations can range from 
pre-existing friendship ties to institutional mandate (Ring and Van de Ven 1994). Some attempts 
have already been made to classify collaborations according to the reasons for their 
establishment. Thus, Maienschein proposed a threefold typology of biological collaborations 
based on this criterion: to promote efficient division of labor, to strengthen credibility, to build 
community (1993).
Our study of collaborations in ground-based astronomy, uses of accelerators, materials 
science, medical physics, and computer-centered research also revealed a diversity in both 
origins and reasons for collaborating. In some projects one sector was dominant. Others 
encompassed academic, governmental, and corporate sectors of origin. The roles of pre­
existing ties and funding agencies differed a great deal across fields. Nevertheless, the 
overriding theme in the inception of these collaborations was the need to bring together 
resources (money, equipment, expertise) that were not available to any single organization in 
order to attain a common goal.
We asked the respondents who had said that it was necessary to collaborate in their 
respective fields why this was so. Qualitative analysis of responses to this contingent question 
confirmed that organizations collaborate mostly because this is a way to manage their resource 
dependencies. The main resource which is in scarce supply is research funding:
I think the problem is not that I have found this model so attractive, but rather 
there's a perception amongst me and my colleagues this is the only way to get 
anything done now because federal funding is so difficult to come by. (Interview 
with the administrative leader of ARC).
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Often, it is exactly the availability of outside funding that stimulates research groups to 
collaborate:
NSF did, in about 1980, set up a new funding category, a sort of major 
equipment that was larger than could be funded through their normal operating 
grants which ran about $100,000 a year, and they set up a special equipment 
fund that could fund things of the order of a quarter to a million dollars. Also we 
have benefitted from those special equipment funds within NSF, and they have 
twice funded us to develop instrumentation. (Interview with a participant in the 
ALS Beamline Collaboration).
This particular project also took advantage of another pretty scarce commodity in 
modern science-expensive new facilities with dramatically increased capabilities. In this case 
the Advanced Light Source at LBL, which provides beam fluxes that are an order of magnitude 
higher than the previous comparable facility at Brookhaven, was made available to a limited 
number of outside users. Therefore, the review board at LBL suggested that several groups 
combine their proposals to build a joint beamline.
Sometimes the very nature of scientific research requires the use of multiple 
geographically dispersed instruments that are run by different organizations, as in radio 
astronomy:
So we realized that in order to get an interferometer with such long baselines it 
would have to be a collaborative thing. Nobody owned telescopes around the 
world. So we built an interferometer between here and Greenbank. (Interview 
with one of the Pis of Sagittarius A).
Apart from money and equipment, scientific expertise is a critical resource that often no
single organization commands when it comes to tackling a complicated interdisciplinary problem.
Here is how one of the participants in the Crystal Structure of CTA and CTP project explained
why there was a need to collaborate in materials research:
Because we are all Ph.Ds and we’re very narrowly trained, and we can't do it all.
You get outside of your expertise and you need somebody else.
The resource that prompts scientific organizations to enter collaborative arrangements
can even be the experimental subjects, as in medical physics:
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I mean you can iook at something in a single hospital in a single institution but 
you can't possibly generalize that because it's a very controlled patient group.
Your patients can be very different from other patients. Your physicians can be 
very different, your methods very different. So you need a collaborative study.
(Interview with a collaborator in RDOG).
Thus, resource dependence theory holds the greatest promise of explaining how and 
why collaborations in ground-based astronomy, uses of accelerators, materials science, medical 
physics, and computer-centered research emerge. Organizations exchange resources, or rather 
join resources in MICs in order to achieve a certain goal, which, once accomplished, will allow 
them to gain access to future resources, otherwise difficult to obtain (NSF, DOE, or DARPA 
funding, for example). Typically, it is individuals that instigate collaborations. However, these 
individuals manage to convince the organizations they represent that collaboration will benefit 
those organizations and lead to further expansion of opportunities in a competitive environment.
Table 1 summarizes the distribution of project formation characteristics of multi- 
institutional collaborations in the five fields under investigation.
Universities instigated almost half of the projects in the sample. Other collaborations in 
phase three began as a joint product of two or more sectors. In these instances origins involved
Table 1: Project Formation Characteristics of Multi-institutional
Collaborations
(n=23)
Variables Means / 
Percentages
% university-instigated 48%
% where one sector was dominant 72%
Pre-existing relationships* 2.74
"Brokered" relationships* 1.52
‘ Scaled 1=low, 3=high.
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both universities and national laboratories—as in uses of accelerators-or universities and the 
corporate sector, as in materials research. In almost three quarters of the cases there was a 
single dominant sector in the instigation of the project. Of course, we do not assume here that 
collaborations simply originate as an idea in the performing sectors. As was already pointed out, 
it is often an outside opportunity such as the encouragement of funding agencies that constitutes 
a primary motivation to decide to look for partners and put together a feasible proposal.13
Field is associated with instigating sector.14 Table 2 demonstrates that ground-based 
astronomy and medical physics are more likely than uses of accelerators and materials 
research to have been instigated by the university sector only.
Table 2: Crosstabulation of Field by Instigating Sector
FIELD
ua Qba mr mp ccc Total
INSSEC University Count 1 7 2 1 11
% within 
FIELD 16.7% 87.5% 66.7% 50.0% 47.8%
Several Count 5 1 4 1 1 12
sectors % within 
FIELD 83.3% 12.5% 100.0% 33.3% 50.0% 52.2%
Total Count 6 8 4 3 2 23
% within 
FIELD 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
Chi-Square=10.882 df=4 p=.028 n=23
13This is clear from unstructured interviewing, but was not codified in the questionnaire.
14The field key is: ua =Uses of Accelerators
gba=Ground-Based Astronomy 
mr =Materials Research 
mp =Medical Physics 
ccc=Computer-Centered Collaborations
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One aspect of bureaucratization is the number of levels of authority in the formal 
structure of an organization. This idea of hierarchy was tapped by a question comparing the 
levels of authority in a collaboration with the levels of authority in a typical academic department. 
Table 3 demonstrates that instigating sector is also associated with this perceptual measure of 
the hierarchy of authority. Collaborative projects, instigated by several sectors are reported to 
have fewer levels of authority than a typical academic department, while only one quarter of all 
projects instigated by the academic sector are characterized by low hierarchy. This suggests 
strongly that when collaborative projects are instigated by universities, academic hierarchies are 
reproduced within the collaboration-academic origins may lead to more rather than less 
bureaucratic projects.
Table 3: Crosstabulation of Levels of Authority and Instigating Sector
LEVAUTHO
Fewer The Same Total
INSSEC University Count 4 7 11
% within 
LEVAUTHO 28.6% 77.8% 47.8%
Several Count 10 2 12
sectors % within 
LEVAUTHO 71.4% 22.2% 52.2%
Total Count 14 9 23
% within 
LEVAUTHO 100.0% 100.0% 100.0%
Chi-Square=5.316 df=1 p=.021 n=23
Moreover, the instigating sector tends to covary with the presence of a scientific leader. 
Nearly two thirds (62.5%) of university instigated collaborations have a designated scientific 
leader as compared with 37.5% for projects, instigated by several sectors (Table 4).
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Table 4: Crosstabulation of Instigating Sector and Scientific leader
SCLEADER
No Yes Total
INSSEC University Count 1 10 11
% within 
SCLEADER 14.3% 62.5% 47.8%
Several Count 6 6 12
sectors % within 
SCLEADER 85.7% 37.5% 52.2%
Total Count 7 16 23
% within 
SCLEADER 100.0% 100.0% 100.0%
Chi-Square=4.537 df=1 p=.033 n=23
Collaborations differ in terms of the network of relationships that feature in their origin.
In some cases participating scientists are brought together by social contacts that predate the 
onset of the project. In others participants do not know each other beforehand, but an agency 
mediates their involvement in the project. W e asked the respondents about the degree to which 
the collaboration was built on pre-existing working relationships between scientists or "brokered" 
relations among competitors.
Not surprisingly, collaborations in these fields were largely built on pre-existing 
relationships. In fully four fifths of the projects the participants had known each other and/or 
worked together before the collaboration in question. In over half of the collaborations there was 
a low degree of brokerage. Sometimes both prior contacts and recommended collaboration with 
new researchers in the same field were present, especially when the initial "core group" tried to 
expand in order to meet certain requirements or needs. These relationships of origin are not 
closely related to other dimensions of MICs.
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All four variables measuring the general dimension of project formation were used in 
cluster analysis, because factor analysis did not suggest any clear solution that could have given 
us grounds to combine the four indicators into indices. The only modification was performed on 
sectors, instigating the collaboration. This variable was recoded as 0=one sector (university), 
and 1=several sectors. That was necessary in order to make the indicator suitable for cluster 
analysis by turning it from categorical to an underlying continuous variable. Standardized Z  
values were used in order to equalize the effects of all four variables. The solutions from three 
clustering methods were obtained-within-group average linkage, between-group average 
linkage and Ward's method. The analysis will be based on results from Ward's method, since it 
produced the greatest overlap in terms of cluster membership with the other two clustering 
methods.
The first indication as to how similar the cases are and how they group together with 
regard to project formation comes from interpreting the agglomeration schedule (not shown 
here). This schedule gives the error sum of squares (ESS), which Ward's method is designed to 
minimize, when we assign collaborations to clusters and when we join clusters. From the 
agglomeration schedule it looks like a four-cluster solution might be appropriate, since we have a 
slight jump in ESS for the transition from four to three classes of collaborations. However, 
solutions ranging from two clusters to five clusters are not unreasonable.
A further clarification as to the number of natural groupings of collaborations from the 
point of view of their formation is provided by the dendrogram. In Figure 1 we can see the 
clusters that are being combined at each stage of the hierarchical agglomerative procedure. 
Distances are rescaled to range from 0 to 25. A careful inspection of the dendrogram shows that 
at the rescaled distance 10 we have four fairly homogeneous clusters. Going from top to bottom, 
we notice that the first includes almost all the collaborations from ground-based astronomy, the 
next cluster has a mixed field membership, followed by a cluster of only two projects, and finally 
a distinct group that incorporates all but one of the collaborations from uses of accelerators.
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Figure 1: Dendrogram for Project Formation Clustering Using Ward's Method15
The cluster membership table for different number of clusters (from two to five) shows 
which cluster each collaborative project belongs to at different stages of the solution. Greatest 
interest for our purposes lies in the four-cluster solution already discerned in the dendrogram. 
Cluster 1 consists predominantly of projects from ground-based astronomy. Cluster 4 is the next 
group of collaborations that is combined with cluster 1 at a later stage of agglomeration. Cluster 
2, which includes only two collaborations is later joined to the combined clusters 1 and 4. Cluster 
3 is quite separate and merges with the other groups at the last stage, when all observations
15Case numbers and labels correspond to the notation in Appendix A.
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form one cluster. This group is comprised mainly of collaborations in the field of uses of 
accelerators.
Table 5: Cluster Membership for Project Formation at 
Different Stages
Case 5 Clusters 4 Clusters 3 Clusters 2 Clusters
1:gba 1 1 1 1
2:m r 2 2 2 1
3:ua 3 3 3 2
4 :ccc 4 1 1 1
5:gba 4 1 1 1
6:mp 2 2 2 1
7:mp 1 1 1 1
8:gba 4 1 1 1
9:ua 3 3 3 2
10:ua 3 3 3 2
11 :mr 3 3 3 2
12:gba 5 4 1 1
13:ua 3 3 3 2
14:ua 3 3 3 2
15:gba 4 1 1 1
16:m r 5 4 1 1










20:ua 5 4 1 1
21 :ccc 5 4 1 1
22:m r 5 4 1 1
23:gba 4 1 1 1
The analysis so far shows that we have greatest differences between Cluster 1 and 
Cluster 3. The next step is to find out what types of collaborations the clusters represent with 
regard to project formation. In other words, what do the clusters mean substantively? An 
informative method is to examine the summary table of cluster characteristics.
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Table 6 summarizes the means and standard deviations of variables used in the cluster 
analysis of project origin. Since these descriptive statistics for the standardized Z  values reveal
Table 6: Project Formation Cluster Characteristics
Instigating sector Dominant sector Preexisting "Brokered"
relationships relationships
Mean S.D. Mean S.D. Mean S.D. Mean S.D.
Clusterl .00 .00 1.00 .00 3.00 .00 1.44 .73
Cluster2 .50 .71 1.00 .00 1.00 .00 2.00 .00
Cluster3 .86 .38 .07 .19 2.71 .49 1.57 .53
Cluster4 1.00 .00 1.00 .00 3.00 .00 1.40 .55
Total .52 .51 .72 .45 2.74 .62 1.52 .59
exactly the same pattern, but are more difficult to interpret, they are not reported here. Cluster 1 
includes six out of seven ground-based astronomy collaborations and two out of three computer- 
centered projects. These projects are instigated only by universities, have a dominant sector, 
are based on pre-existing relationships, and have fewer "brokered" relationships than average. I 
will label this kind of collaboration the unisectoral-academic. The second type, is mainly 
distinguished from the other clusters by a low degree of pre-existing relationships and a higher 
than average degree of "brokered" relations among competitors. This "brokered" type of 
collaboration is rare in our sample. The third type, which represents almost all collaborations 
from uses of accelerators, is characterized by multisectoral project instigation without a 
dominant sector, and average degrees of pre-existing and "brokered" relations. What sets it 
apart from other types of collaborations is the absence of a dominant sector. Type 4 includes 
projects from all fields except medical physics, and half of the collaborations from materials
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research. The most distinguishing feature of this cluster is that projects were instigated by 
several sectors but there was always a dominant sector in the instigation. Cluster 4 also has the 
lowest degree of "brokered" relationships. Thus, I will refer to this type as the "non-brokered" 
multisectoral.
Finally, it is noteworthy that the project formation cluster analysis revealed marked 
differences across fields, which is not the case in most other clusterings by main dimensions. 
This point will become clearer as we go along.
4.2 Magnitude
Magnitude is a generalized concept of size, institutional diversity, duration, and cost.
The variety in origins of MICs was matched in our sample by variety in their magnitude. W e  
encountered both large and small projects, both costly and inexpensive projects, both long and 
short collaborations. Moreover, the formation of projects often reflects on their constitution, 
duration, and expansion-an observation evident from the qualitative examination of the interview 
data. Collaborations in the five fields under study were generally much smaller than the 
megaexperiments in HEP that may involve 1,500 participants from 160 separate organizations 
and last up to 20 years (Knorr-Cetina 1998). Nevertheless, some of the social processes 
discovered in megaexperiments are also evident in more modest collaborative ventures. This 
points to the relativity of magnitude and to the complexity of its relatedness to other structural 
features of interorganizational networks.
An illustration of the first point is that the high degree of social integration documented 
by Knorr-Cetina in the ATLAS megacollaboration was also noticed by Sayles and Chandler 
(1971). They studied a multi-institutional effort of about 100 scientists and engineers who 
designed a nuclear power reactor in the 1950s (the Satan project), which was categorized as a 
"relatively small size project." The second point becomes apparent if we look at the studies 
dealing with the effect of size on aspects of organizational structure. Thus, it is widely accepted 
that size, complexity, and growth in resources are associated with greater formalization of the
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organization of R&D (Shrum and Morris 1990), but the relationship between size as number of 
personnel and centralization of authority for most organizations is not so clear. Some 
researchers have found that increasing size leads to increased delegation of authority or 
decentralization (see Hall 1977). Others, however, make an equally convincing 
counterargument that personnel size is positively related to centralization and stratification (Hage 
1980).
While the interplay between magnitude or scale and other structural properties of MICs 
is often a matter of dispute, it is generally admitted that the scope of interorganizational 
arrangements tends to have discernible consequences for the character of social relationships 
within the collaboration. Schild (1997), for instance, observed that the size and duration of polar 
research cruises contribute to the potential for conflict among their participants. Of course, one 
should bear in mind that there could be some confounding factors that affect this relationship 
such as continual co-presence in a single location. Since the majority of collaborations in our 
sample involved groups working predominantly in their home institutions and coming together for 
a short period of time on specific occasions (annual collaboration-wide meetings, tests of the 
equipment), we can expect a lower overall level of conflict than in protracted ocean-going 
cruises, where unforeseen atmospheric conditions can jeopardize the project and exacerbate 
disagreements.
The magnitude of interorganizational arrangements in ground-based astronomy, heavy- 
ion physics, materials research, medical physics, and computer-centered research was 
measured by their size, cost, and duration. The descriptives for project magnitude are given in 
Table 7.
Size is an important characteristic that can illuminate the ways projects studied in the 
third phase compare with high-energy physics, space science and geophysics/oceanography. 
Perhaps the clearest indicator of size for describing collaborations in phase ill was the number of
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participants. The number of organizations (institutional diversity) and the number of teams 
(cognitive heterogeneity) were also taken into account.
Table 7: Magnitude Characteristics of Multi-Institutional Collaborations
(n=23)
Variables Means / 
Percentages
Number of participants 39.39
Number of organizations 6.13
Number of teams 4.91
% costs for personnel 61%
% costs for instruments 39%
Length from original idea to funding 2.09
Length from funding to first publication 2.52
The mean number of individuals in these projects was 39, and the median was 32. The 
fewest participants were 11, while the largest collaboration included 120 participants. Only one 
project can be considered a large-scale collaborative venture exceeding 100 people.
According to our respondents the number of organizations ranged from three to sixteen, 
while 82.6 percent of these collaborations involved between three and seven different 
organizations. The modal number of organizations was six—roughly one fifth of all the cases fell 
into this category.
The number of organizations in our sample covaries significantly with composition. Table 
8 shows that collaborations involving only the university sector had fewer participating 
organizations. More than four fifths of such projects involved only 3 to 5 organizations ( coded
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as "small") as compared with about one third of collaborations with multiple sectors. All else 
equal, university collaborations may be somewhat less diverse.




NUMBER OF Small Count 5 6 11
ORGANIZATIONS % within 
SECTOR 83.3% 35.3% 47.8%
Large Count 1 11 12
% within 
SECTOR 16.7% 64.7% 52.2%
Total Count 6 17 23
% within 
SECTOR 100.0% 100.0% 100.0%
Chi-Square=4.102 df=1 p=.043 n=23
The distribution of teams is similar to that of organizations. The range of teams was 
between two and eight. Collaborations where the teams ranged between two and six accounted 
for 87 percent of all cases. Six teams were formed in 30.4 percent of the projects. Sometimes 
teams coincided with the participating organizations, but they could also be subject or topic- 
driven. In the latter case researchers from different organizations worked in one group that was 
typically task-oriented (for example the Advanced Light Source Beamline collaboration).
Another similarity with number of organizations is the association with sectoral 
composition. Collaborations of universities tend to have fewer teams. Table 9 shows that all 
university collaborations have between two and five teams (coded as "small") in contrast to 
those where several sectors are involved.
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NUMBER Small Count 6 7 13
OF TEAMS % within 








Total Count 6 17 23
% within 
SECTOR 100.0% 100.0% 100.0%
Chi-Square=6.244 df=1 p=.012 n=23
Another important indicator of the magnitude of multi-institutional collaborations is the 
level of resources used. Information on the dollar costs of the project was not available but the 
breakdown of expenditures by personnel and instrumentation (equipment) can be examined. 
Respondents were asked to estimate the percentage costs for personnel and those for 
equipment.16
More than half of the collaboration funds were used to support personnel in two thirds of the 
cases. The modal category (the most prevalent case) showed that over two thirds of the budget 
was spent on personnel, and less than one third on instruments, materials, and research 
facilities. Of course, further analysis is necessary to determine the fields that are more likely to 
spend a larger proportion on participants.
16Only the first variable will be examined since the second is a remainder.
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Our final indicator of magnitude concerned duration. This is somewhat more 
problematic for phase III collaborations since some of these collaborations are ongoing. Two 
questions tapped this dimension. The first measures the length of time from the formulation of 
the original idea for the project to funding. The second measures the length of time from funding 
to the first publication of results. More than half of projects required 1.5 years or less to receive 
funding, but the longest was nine years. On average it took two years for collaborations to get 
funded. The distribution of duration from funding to first publication of results from the 
collaborative effort is very similar. In about half of the projects the duration from funding to first 
publication was one year and a half or less and the lengthiest period was eight years.17
Cluster analysis involving magnitude of collaborative projects was carried out with the 
number of participants, number of organizations, number of teams, length to funding, and length 
from funding to first publication of results. The attempt to reduce the number of magnitude 
indicators by factor analysis failed, since this turned out to be unsatisfactory for these variables.18 
Again, squared Euclidean distance was used as a dissimilarity measure, and standardized Z 
values were input in the program. Ward’s method was applied to arrive at a clustering solution. 
The agglomeration schedule indicates that the similarity between the first several cases, which 
are joined into groups, does not amount to identity (unlike the case with project formation). Of 
course, this is due to a large extent to the original ratio scale of measurement of the magnitude 
variables. Even when these scores are converted to Z  values, we can hardly expect perfect 
coincidence between all five such values for any pair of collaborations. The examination of the 
agglomeration schedule shows that the two most plausible cluster solutions are the six-cluster 
and the three-cluster outcomes. In the first case moving from stage 17 to stage 18-from  six
17The mean period from funding to publication of results was two years and a half.
18The KMO measure of sampling adequacy was only .476 or “unacceptable,” and 
Bartlett’s test of sphericity showed a non-significant X 2 of 11.69 for 10 degrees of 
freedom.
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clusters to five clusters, is accompanied by a relatively big increase in the ESS. The same jump 
in ESS is observed when we pass from stage 20 to stage 21, or from three clusters to two 
clusters.
The three-cluster solution was chosen in this case for two reasons. First, if we examine 
the six-cluster outcome later on in the dendrogram, we will notice that three of the groups have 
two collaborations each, which impedes a meaningful interpretation. Second, it was decided to 
focus on a range between two and five clusters, which is appropriate for our sample size.
Judging from the dendrogram in Figure 2, a three-cluster solution seems to provide the natural 
groupings of collaborations according to magnitude. Moving from bottom to top, there are three 
discernible clusters. The first is comprised of five collaborations, three of which come from 
ground-based astronomy. The second group is the largest and includes projects from all fields
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Figure 2: Dendrogram for Project Magnitude Clustering Using Ward's Method
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under study. The third (top) cluster is the most homogeneous, incorporating two out of three 
projects from medical physics. One other conclusion that can be drawn from the dendrogram is 
that there is no marked differentiation bv field with regard to magnitude. The  only thing we can 
say is that ground-based astronomy is underrepresented in Cluster 3, whereas medical physics 
is overrepresented in the same group of collaborations.
We now turn to the cluster membership table for the three-cluster solution. Table 10 
elucidates the dendrogram. Except for one ground-based astronomy project, Cluster 3 contains
Table 10: Cluster Membership for Project Magnitude-Three-Cluster Solution
Case Collaboration Cluster
1:gba Astrophysical Research Consortium 1
3:ua DND-CAT 1
8:gba Keck Telescope 1
17:gba HET 1
21:ccc UARC 1
2:mr S&T Center for Superconductivity 2
4: ccc Grand Challenge Cosmology Consortium 2
9:ua Positron Diffraction and Microscopy 2
11:mr CPIMA 2
12:gba VLBI Network 2
13:ua BNL E-814 and E-877 2
15:gba Sagittarius A 2
18:ccc CRPC 2
19:mp NDMDG 2
20:ua BNL E-878 and E-896 2
23:gba BIMA Array 2
5:gba 3 mm. VLBI 3
6:mp Angiography Diagnostics 3
7:mp RDOG 3
10:ua Advanced Light Source Beamline Collaboration 3
14:ua Crystal Structure of CTA and CTP 3
16:mr MPHOIS 3
22:mr Smart Materials Consortium 3
Note: See Appendix A for abbreviations.
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an equal number of collaborations from the various fields-two each from medical physics, 
materials research, and uses of accelerators. Also, materials research projects are split equally 
between Clusters 2 and 3 and do not feature at all in Cluster 1, where medical physics is also 
absent. Finally, the summary table of means and standard deviations of variables used in the 
analysis shows which distinct types of collaborations the clusters represent.













































Total 39.39 26.55 6.13 3.11 4.91 1.62 2.09 2.23 2.54 2.42
The first type can truly be called the "long collaboration". It groups interorganizational 
projects with the following characteristics: medium size (number of participants), low diversity 
(small number of organizations), medium homogeneity (number of teams), and long duration to 
funding and long publication. The second type (cluster) is characterized by large size, high 
diversity (large number of organizations) and heterogeneity (large number of teams), but short 
duration both to funding and publication. It is most fitting to describe this kind of project as the 
"large collaboration." Type 3 represents collaborations with small size, medium diversity, great 
homogeneity (small number of teams), short period to funding, and a little shorter than average 
period to publication. The distinguishing feature of MICs in this group is that they are really 
"small collaborations." The table also reveals an interesting idiosyncrasy of our sample. Small
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projects tend to have the shortest period from the initial formulation of the idea to funding, 
whereas large projects have the shortest period to publication. At the same time, medium size 
projects have by far the longest duration to both funding and first publication of results from the 
collaboration.
4.3 Organization and Management
A close examination of the organization and management of multi-institutional
collaborations in ground-based astronomy, uses of accelerators, materials research, medical
physics, and computer-centered research reveals a striking diversity. These collaborations run
the gamut of organizational forms and management styles. Such variety has been noticed in
large R&D systems by other researchers. Thus, Sayles and Chandler make the following
statement about large programs, which they call "multiorganizations":
Joint endeavors, consortia, and contractor relationships all require a new style of 
interorganizational relationship that is as differentiated and involved as 
interorganizational patterns. (1971, p. 17)
There are numerous reasons for this state of affairs. Some of them spring out of 
inherent tensions built into interorganizational collaborative formations. These may include 
tensions between program needs and institutional needs, between narrow disciplinary 
orientation and interdisciplinary demands in MICs, between temporary and permanent 
organizational arrangements (Sayles and Chandler 1971). A further source of variation can be 
traced to the multiple levels of social organization in collaborative arrangements. Thus, MICs 
involve the horizontal differentiation between research teams, functional differentiation of 
supervisors and subordinates, principal investigators and researchers, professors and graduate 
students. Finally, in several projects, management was not fixed because the vast majority of 
participants were of equal status.
Neither resource dependence theory nor the garbage can model could provide a 
convincing theoretical explanation of all the organizational structures and decision-making 
processes that took place in the twenty-three collaborations in our sample. The first model is
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more powerful in explaining why collaborations emerge. It also accounts for many decisions
taken in more formally organized MICs. However, apart from the general argument that
collaborations are resource-driven in the sense that they try to maximize the use and availability
of funding, expertise, and equipment, this model can hardly explain frequent changes in
leadership, management by consensus, reformulation of goals. These latter processes are
better handled by the garbage can model, which is especially suited to explain fluid participation,
alternative preferences, and lack of clear central power. Some of the interorganizational
formations in our sample did fit this kind of organizational format. For example, the Crystal
Structure of CTA and CTP project had a very loose organizational structure with no written
contracts, no designated administrative leader or Advisory Committee, and no established
system of rules and regulations. When the nominal scientific leader was asked whether he had
a project title, he could not remember but simply said that it was "probably" PI. He went on to
describe the management of the collaboration in the following manner.
I'd say the authority structure was very, very diffused...it was very important to 
have a very open system, a very flat management structure, flat in the sense 
that it was nonexistent. (Interview with the scientific leader of Crystal Structure 
of CTA and CTP)
The same respondent stressed that scientific leadership was actually divided between at
least two participants at different stages of the project:
in the beginning, I was the scientific leader. I was the titular head. Because the 
funding was mine, and I had all the responsibility for the product. But I would 
say that the scientific leadership, in terms of where the project developed, very 
much belonged to the postdoc [X] by the end of the project, absolutely.
He further clarified the point that the diffusion of authority came as a result of equal
status of the collaborators. When asked whether there was a well-established system of rules
and regulations about responsibilities, work, and reporting, he replied:
No. Again, I think it was fairly free-flowing. A great deal of responsibility was 
given to the postdoc, and there was a great deal of confidence in the 
collaborators. Again, when you've got this level of collaborators, most of these 
people have at least five or six years of experience after their PhD's. Everyone 
is pretty much treated as an equal.
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That authority was decentralized in this particular interorganizational collaboration is 
highlighted by the fact that there was another scientist who controlled the beamline and 
determined the time schedule for its use. Referring to the timetable, the scientific leader 
remarked:
It was very flexible. I think it’s a hallmark, in particular, of [Y’s] operation, that 
topics and beam schedules are juggled to accommodate most people's 
requirements.
This example lends credence to the garbage can metaphor, which underscores the 
situational nature of decision-making and the independent operation of four streams: choice 
opportunities, problems, participants, and solutions (Cohen et al. 1972). W e should also bear in 
mind that the Crystal Structure of CTA and CTP project was the smallest collaboration in our 
sample both in terms of size and institutional diversity. This structural feature in conjunction with 
the presence of many pre-existing relationships among the participants largely explains the 
collaboration's informal structure and management. Most other projects, however, had a more 
complex and elaborate organizational structure, a clearer division between administrative and 
scientific authority, more formal procedures, rules of work and responsibilities, and a hierarchical 
style of decision-making. In such cases rational choice decision models like resource 
dependence theory are better equipped to provide insight into how collaborations operate.
It is infeasible to analyze all aspects of organization of multi-institutional collaborative 
arrangements in science. The focus and limitations of the present study precluded the 
investigation of such topics as the evolution of organizational forms over time, cultural processes 
that occur within interorganizational boundaries, the impact of changes in the political and social 
environment on the organizational structure and management of MICs. Thus, the analysis that 
follows is, by and large, restricted to a comparative macrosociological, synchronic study of the 
organization, composition, and management features of multi-institutional formations in ground- 
based astronomy, uses of accelerators, materials science, medical physics, and computer- 
centered research.
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Table 12 gives a concise summary of the most important descriptive characteristics of 
the organizational structure of MICs in the five fields of interest. The first aspect of organization 
is composition. It was measured by the number of sectors represented in the project: 
universities, research institutes, government labs, government contract labs, and corporate 
enterprises. As with the instigation of the project, MICs





% university only 26%
% with advisory committee 57%
% with fewer levels of authority than a university 61%
department
% with well-defined division of labor 91%
% with written contracts 70%
% with well-established system of rules 57%
% with coordination of schedules 91%
Flexibility of timetable* 2.11
% with internal formal evaluation 52%
% with outside formal evaluation 85%
% with lead center 87%
% lead center located in permanent organization 100%
% with designated administrative leader 70%
% with designated scientific leader 70%
% in which one leader outranked the other 65%
Style of decision making** 1.96
Degree to which leadership subgroups made decisions*** 1.95
% with clear division of authority 52%
’ Scaled 1=not flexible, 2=somewhat flexible, 3=very flexible
"Scaled 1=consensual, 2=more consensual than hierarchical,
3=hierarchical
" ’ Scaled 1=low, 2=medium, 3=high
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are best represented by the distinction between universities and multiple sectors. However, in 
this case three quarters of MICs involved multiple sectors. This should come as no surprise, 
since after the initial idea to start a collaboration the instigators often try to attract other 
prominent researchers, or people they have previously worked with, regardless of their sector of 
origin.
As was the case with instigating sector, field covaries with sectoral composition. Table 
13 illustrates that ground-based astronomy and medical physics were the only two fields with 
collaborative projects exclusively composed of academic researchers. Most of the projects in 
ground-based astronomy (71.4%) are also of that nature. In uses of accelerators we expected 
that national laboratories in addition to universities, would be major players, since they house the 
large accelerators. In materials research corporations and research institutes are involved 
alongside academic establishments.
Table 13: Crosstabulation of Field and Sector
FIELD
ua qba mr mp ccc Total
SECTOR Several Count 6 2 4 2 3 17
sectors %
within 100.0% 28.6% 100.0% 66.7% 100.0% 73.9%
FIELD
University Count 5 1 6
%
within 71.4% 33.3% 26.1%
FIELD
Total Count 6 7 4 3 3 23
%
within 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
FIELD
Chi-Square=12.134 df=4 p=.016 n=23
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Collaboration members frequently consult regarding plans and progress with various 
types of advisory bodies. Slightly over half of the projects had their own external advisory 
committee. The presence of such a committee was significantly related to several of the 
breakdown variables. Size (number of participants) and the existence of advisory committee 
were positively associated, as demonstrated in Table 14. Large and medium collaborations 
were more likely to have such a committee than small collaborations. This finding is reasonable, 
since greater oversight is viewed as an important consideration for bigger projects, where more 
people are involved.
Table 14: Crosstabulation of Size and External Advisory Com m ittee
SIZE









Chi-Square= 11.198 df=4 p=.024 n=23
C O M M ITTEE
7 1 1




11.1%  75.0%  83.3%
Total Count 9 8 6
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Table 15 illustrates the positive association between levels of authority and the presence 
of an advisory committee. The former was measured by the question "Compared to an 
academic science department with a chair, professors, and graduate students, would you call the 
levels of authority more, the same, or fewer?" Collaborations with fewer levels of authority were 
less likely to have an advisory committee. This was anticipated, since interorganizational 
arrangements with a more informal and less hierarchical structure would likely be more isolated 
from administrative formations outside of the project. These types of collaborations usually 
strive for simplification rather than elaboration of their management and administration.
Table 15: Crosstabulation of Levels of Authority and Advisory Committee
LEVAUTHO
Fewer The same Total
ADVISORY No Count 8 1 9
COMMITTEE % within 
LEVAUTHO 57.1% 11.1% 39.1%
Unofficial Count 2 2
% within 
LEVAUTHO 14.3% 8.7%
Yes Count 4 8 12
% within 
LEVAUTHO 28.6% 88.9% 52.2%
Total Count 14 9 23
% within 
LEVAUTHO 100.0% 100.0% 100.0%
Chi-Square=8.072 df=2 p=.018 n=23
One other significant bivariate relationship seems to confirm the last statement. Table 
16 shows that whereas collaborations with a designated administrative leader have advisory 
committees in 69 percent of the cases, those without such a leader have committees in only 14
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percent of the cases. Since the appointment of an administrative leader and the designation of 
an advisory committee both create greater formality in the organization, it is reasonable to expect 
that they might covary, which is exactly what we witness here.















Unofficial Count 2 2
% within 
ADLEADER 12.5% 8.7%
Yes Count 1 11 12
% within 
ADLEADER 14.3% 68.8% 52.2%
Total Count 7 16 23
% within 
ADLEADER 100.0% 100.0% 100.0%
Chi-Square=9.224 df=2 p=.010 n=23
Although, in general, R&D establishments are more loosely organized than most 
industrial and government organizational arrangements, we can observe differences in the 
degree of bureaucratization across multi-institutional collaborations in science. The first 
indicator was degree of subordination (levels of authority). In 61% of the collaborations the 
levels of authority were fewer than those in a typical university department. This creates an 
overall impression that interorganizational formations in ground-based astronomy, uses of 
accelerators, medical physics, and materials research tend to have a lower degree of 
subordination than university departments.
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Several bivariate associations involving levels of authority proved to be significant. The 
first shows that sectoral composition significantly affects authority levels. Collaborations with 
multiple sectors tend to have fewer levels of authority than those from universities ( 76.5% vs. 
16.7%). This may reflect a process whereby projects in which only academic organizations 
participate are more likely to impose a familiar academic department authority structure.




LEVAUTHO Fewer Count 13 1 14
% within 
SECTOR 76.5% 16.7% 60.9%
The same Count 4 5 9
% within 
SECTOR 23.5% 83.3% 39.1%
Total Count 17 6 23
% within 
SECTOR 100.0% 100.0% 100.0%
Chi-Square=6.659 df=1 p=.010 n=23
The second significant relationship involves a covariation between levels of authority 
and length from the formulation of the original idea to funding. As Table 18 demonstrates, 
collaborative projects with a shorter period to funding have fewer levels of authority than longer 
projects. Specifically, ninety percent of the short collaborations have fewer levels of authority as 
contrasted with collaborations where time to funding was one years and a half or longer.
Unlike degree of subordination, which was generally low in collaborations involving 
accelerators, ground-based astronomy, materials research, and medical physics, the division of 
labor was quite clear-cut in the majority of cases. Usually research responsibilities are
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Table 18: Crosstabulation of Length to Funding and Levels of Authority
LTOFUND
Short Long Total
LEVAUTHO Fewer Count 9 5 14
% within 
LTOFUND 90.0% 38.5% 60.9%
The same Count 1 8 9
% within 
LTOFUND 10.0% 61.5% 39.1%
Total Count 10 13 23
% within 
LTOFUND 100.0% 100.0% 100.0%
Chi-Square=6.303 df=1 p=.012 n=23
well-defined and do not change easily. Thus, 91 percent of the projects were characterized by a 
clearly specified division of labor. Since there was little variation in this variable, it is hardly 
surprising that only one breakdown variable was significantly related to division of labor. The 
presence of a designated scientific leader has a positive association with division of labor (Table 
19). Collaborations with a scientific leader had a division of labor in all cases, whereas those 
without one had a clear division of labor in only 71.4 percent of the cases.
Two other variables also give us some insight into the extent of bureaucratization. The 
first of these is whether contracts were drawn up between the lead center and the teams or 
among teams. Almost one third of the respondents were not aware of the existence of such 
documents. This is comparable to high-energy physics, where often only memoranda of 
understanding are signed. Institutional diversity was negatively related to existence of contracts
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Table 19: Crosstabulation of Scientific Leader and Division of Labor
SCLEADER
No Yes Total
DIVLABOR No Count 2 2
% within 
SCLEADER 28.6% 8.7%
Yes Count 5 16 21
% within 
SCLEADER 71.4% 100.0% 91.3%
Total Count 7 16 23
% within 
SCLEADER 100.0% 100.0% 100.0%
Chi-Square=5.007 df=1 p=.025 n=23
As is evident from Table 20, collaborations with a few organizations (less diversified) have 
written contracts in 91 % of the cases in contrast to those with a larger number of organizations 
(more diverse), which have such contracts only half of the time. This may appear 
counterintuitive, since larger organizations are more likely to be formalized than smaller 
organizations. Additional analysis sheds some light on why this is so. Size and organizational 
diversity were negatively correlated (r=-.16). For the collaborations in our sample larger 
numbers of participants are associated with fewer organizations, which explains away the 
negative association between diversity and formal contracts. When we disaggregated the 
sample by field, it also became clear that an interaction effect was present. More specifically, 
the weak negative correlation between size and diversity proved to be an effect of two fields-- 
materials research and telescope-building ground-based astronomy.
The second dimension of bureaucratization is the regimentation of activities. This is 
measured by an indicator of the presence of a well-established system of rules and regulations
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about responsibilities, work and reporting. There was such a system in place in 57 percent of 
the cases. That is, a fairly large proportion of the multi-institutional collaborations under study 
were fairly loosely organized and operated.




CONTRACT No Count 1 6 7
% within NUM OF 
ORGANIZATIONS 9.1% 50.0% 30.4%
Yes Count 10 6 16
% within NUM OF 
ORGANIZATIONS 90.9% 50.0% 69.6%
Total Count 11 12 23
% within NUM OF 
ORGANIZATIONS 100.0% 100.0% 100.0%
Chi-Square=4.537 df=1 p=.033 n=23
Bivariate associations involving the existence of system of rules and regulations were 
statistically significant in a number of cases at p<10 but only one of these was statistically 
significant at p<.05. This was the crosstabulation between division of authority and presence of 
well-defined system of rules. Roughly 77 percent of the projects with clear division of authority 
had a system of rules and regulations as against 20 percent of those without division of authority.
Project planning is an important activity with regard to both the timely completion of the 
project and continued financial support by the funding agency. The aggregated answers to the 
question "Was there a coordination of schedules of teams within the project?" showed that the
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Table 21: Crosstabulation of Division of Authority and System of Rules
DIVAUTHO
No Yes Total
SYSRULES No Count 6 3 9
% within 
DIVAUTHO 60.0% 23.1% 39.1%





Yes Count 2 10 12
% within 
DIVAUTHO 20.0% 76.9% 52.2%
Total Count 10 13 23
% within 
DIVAUTHO 100.0% 100.0% 100.0%
Chi-Square=8.079 df=2 p=.018 n=23
vast majority of cases (91%) coordinated team schedules. In only 21 percent of the projects the 
timetable was viewed as inflexible. This points to the fact that regulations and planning were not 
strictly fixed.
Crosstabular results showed a relationship between coordination and the presence of a 
designated administrative leader (Table 22). All collaborations with a designated administrative 
leader coordinated the schedules of teams, as compared with 71.4% of those without an 
administrative leader.
Another organizational aspect of collaborative arrangements in science is the evaluation 
and control of the project. About half of the projects formally evaluated themselves. At the same 
time, 85 percent of the collaborations reported that they were formally evaluated by outside 
agents. These distributions show that while half of the collaborations were amorphously 
monitored internally, outside supervision was common. The high incidence of outside evaluation 
can be explained by the fact that most collaborations in our sample were funded by external
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Yes Count 5 16 21
% within 
ADLEADER 71.4% 100.0% 91.3%
Total Count 7 16 23
% within 
ADLEADER 100.0% 100.0% 100.0%
Chi-Square=5.007 df=1 p=.025 n=23
agencies (NSF, DOE, DARPA) that have well-defined and strict regulations about periodic 
reporting and accountability.
The presence of a designated administrative leader had an impact on internal formal 
evaluation. As expected, collaborations with more formal administrative structures tended to 
evaluate themselves more frequently. As Table 23 demonstrates, 62.5% of the MICs engaged in 
formal self-evaluation if they had an administrative leader. None of those without such a leader 
undertook this activity.
Formal evaluation within the collaborative project was also significantly affected by the 
existence of a division between intellectual and administrative authority. Specifically, the 
presence of such a division was associated with self-evaluation. This is not surprising, since a 
clear-cut separation of the two forms of authority usually implies greater formalization of relations 
within the research project, which is then conducive of closer monitoring of progress of the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
113
Table 23: Crosstabulation of Administrative Leader and Self-Evaluation
ADLEADER
No Yes Total
SELFEVAL No Count 5 4 9
% within 
ADLEADER 71.4% 25.0% 39.1%
Informally Count 2 2 4
% within 








Total Count 7 16 23
% within 
ADLEADER 100.0% 100.0% 100.0%
Chi-Square=7.781 df=2 p=.020 n=23
collaboration. Table 24 illustrates this relationship. Over two thirds of the projects in which 
intellectual and administrative authorities were divided had formal self-evaluations as opposed to 
only one tenth of those that did not have this division of authority.
From an organizational standpoint centralization, distribution of power, and decision­
making are crucial in understanding the specificity of multi-institutional collaborations as a 
"transient" organizational form of scientific work. The fact that these are temporary 
organizational arrangements does not preclude them from being centralized. One of the goals of 
the study was to determine where collaborations in uses of accelerators, ground-based 
astronomy, materials research, and medical physics were located on the continuum of 
centralization and in what manner decisions were made. Eighty-seven percent of the projects in 
phase III of the AIP study of multi-institutional collaborations had some kind of a lead center or 
host institution. Often the leading organization did not hold any superior status. All such
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Table 24: Crosstabulation of Division of Authority and Self-Evaluation
DIVAUTHO
No Yes Total
SELFEVAL No Count 7 2 9
% within 
DIVAUTHO 70.0% 15.4% 39.1%
Informally Count 2 2 4
% within 
DIVAUTHO 20.0% 15.4% 17.4%
Yes Count 1 9 10
% within 
DIVAUTHO 10.0% 69.2% 43.5%
Total Count 10 13 23
% within 
DIVAUTHO 100.0% 100.0% 100.0%
Chi-Square=8.939 df=2 p=.011 n=23
collaborations stated that lead centers were located in permanent organizations.19 What is even 
more noteworthy is that 13% of the collaborations did riot have an organization that assumed a 
central role in the organization of the project. This means that every member institution operated 
independently, and they were relatively equal partners in a decentralized and informal 
interorganizational arrangement. The implications of this are not yet clear, but the hope is that 
further qualitative analysis will illuminate this pattern.20
Two other indicators measured the centralization and distribution of power within the 
collaboration-the presence of a designated scientific leader and the presence of a designated 
administrative/engineering leader. More than two thirds of all collaborations had scientific and
19This makes clear that the question about location in a permanent organization did not 
work well, since there was no variability whatsoever.
20None of the crosstabulations involving presence of lead center was statistically 
significant.
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administrative leaders. Sixty five percent of those reported that one of the leaders outranked the 
other. Sometimes one and the same person acted both as scientific and administrative leader. 
These numbers suggest a centralized authority structure, but leaders often changed for one 
reason or another. Sometimes they served on rotating basis. Also, most of the designated 
leaders were heavily reliant on other leadership subgroups such as an Executive Committee or 
Board of Directors.
Both formal scientific and administrative leadership were significantly associated with a 
number of indicators. Where they are appropriately considered as independent variables, the 
respective crosstabulations are discussed elsewhere. Here we present associations with 
administrative leadership where this variable is more reasonably treated as dependent. The first 
such relationship was between size of the project (number of participants) and presence of 
administrative leader. The direction of the association was in accordance with previous findings 
in the organizational literature. Larger organizations tend to be more centralized and formalized.
Table 25: Crosstabulation of Size and Administrative Leader
SIZE
Small Medium Large Total
ADLEADER No Count 6 1 7
% within 
SIZE 66.7% 12.5% 30.4%
Yes Count 3 7 6 16
% within 
SIZE 33.3% 87.5% 100.0% 69.6%
Total Count 9 8 6 23
% within 
SIZE 100.0% 100.0% 100.0% 100.0%
Chi-Square=9.421 df=2 p=.009 n=23
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As Table 25 shows, large and medium collaborations are more likely to have a designated 
administrative leader than small collaborations.
The second significant association of administrative leadership is illustrated by Table 26. 
Less diversified collaborations are more likely to have a designated administrative leader. This 
result seems contrary to what one might expect from findings in previous studies. However, we 
should bear in mind that number of organizations is negatively correlated with number of 
participants. Therefore, the direction of the association between diversity and presence of an 
administrative leader is actually a corroboration of the association between size and 
administrative leadership.





ADLEADER No Count 1 6 7
% within NUM OF 9.1% 50.0% 30.4%ORGANIZATIONS
Yes Count 10 6 16
% within NUM OF 
ORGANIZATIONS 90.9% 50.0% 69.6%
Total Count 11 12 23
% within NUM OF 
ORGANIZATIONS 100.0% 100.0% 100.0%
Chi-Square=4.537 df=1 p=.033 n=23
International participation covaried significantly with presence of a designated 
administrative leader in a positive direction. Table 27 shows that all collaborations with
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significant international participation had an administrative leader as compared to about half of 
those with no international participation. This is unsurprising, since is it well-known that 
international collaborations in science tend to have a more formal structure than national ones.




















Chi-Square=5.367 df=1 p=.021 n=23
Decision-making was predominantly by consensus. Three quarters of all the 
collaborations indicated that decisions were taken either consensually or more consensually 
than hierarchically.21 The higher degree of consensuality in collaborative projects may be a 
reflection of the resource contributions of participating organizations. Since they provide
21"Consensual" indicates a comparison with the manner of decision-making in an 
academic science department.
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expertise, funds, and instruments on an equal footing, it could be expected that most problems 
are settled by consensus, rather than hierarchically.22
Another variable indicator of centralization is the degree to which leadership subgroups 
made decisions as against collaboration-wide meetings. For these collaborations, decisions 
were made almost equally by leadership structures and by the collaboration as a whole. The 
modal category is "medium" degree of decision-making by the leadership, and the collaborations 
file shows an equal split between high and low degrees-18.2% each.
The last indicator in this block of variables is the role of visible leader, or the presence of 
a division between intellectual and administrative authority, which exists in about half of the 
collaborative projects. Division of authority had two significant bivariate associations. The first 
was a positive relationship with size—larger collaborations were more likely to have a division 
between intellectual and administrative authority. This is in consonance with previous research 
on organizations. Table 28 demonstrates that collaborations with a large number of participants 
are much more likely to have a division of authority than those with a small number of 
participants.
Overall, the bivariate analysis of organization and management of collaborations in 
science leads to three conclusions: (1) The hypothesis that larger and "older" establishments 
have a propensity to become more formal and bureaucratic was confirmed for these multi- 
institutional scientific collaborations-larger projects are more likely to have an external Advisory 
Committee, administrative leader, and division between intellectual and administrative authority; 
(2) Field of research did not have a large impact on how collaborations in our sample were 
organized and managed; (3) Organizational indicators showed a high incidence of 
intercorrelation, which increases confidence in the operationalization of this structural dimension 
and facilitates the use of factor analysis to reduce the number of variables for clustering.
^None of the crosstabulations in which style of decision-making can be treated as a 
dependent variable turned out to be significant.
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Table 28: Crosstabulation of Size and Division of Authority
SIZE
Small Medium Large Total
DIVAUTHO No Count
%
7 2 1 10
within
SIZE
77.8% 25.0% 16.7% 43.5%
Yes Count
%
2 6 5 13
within
SIZE
22.2% 75.0% 83.3% 56.5%
Total Count
%
9 8 6 23
within
SIZE
100.0% 100.0% 100.0% 100.0%
Chi-Square=7.175 df=2 p=.028 n=23
Since we had a fairly large number of variables belonging to the category of 
"organization and management," exploratory factor analysis was performed to test for common 
underlying concepts. The method of extraction was principal components. This gave an initial 
solution of four factors, which were then rotated using oblique rotation.23
The factor analysis results served as a sound justification to create four indices from the 
indicators that loaded highly on the respective factors. Conceptually it appeared reasonable to 
use the following terms to describe the unifying four dimensions: formalization, hierarchy, 
administrative management, and scientific management. The "formalization" index was
23This was the most reliable exploratory factor analysis as compared to all other groups 
of variables, since it yielded the highest KMO and the most significant Chi-square for Bartlett's 
test of sphericity.
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computed as the average of the following indicators: presence of written contracts, coordination 
of schedules, system of rules, and outside formal evaluation. The "hierarchy" index combined 
levels of authority, the presence of advisory committee, style of decision-making, and degree to 
which leadership subgroups were making decisions. Administrative management was the latent 
conceptual dimension behind the high intercorrelation of presence of administrative leader, 
division of authority, and self-evaluation of the project. Finally, the "scientific management" 
index24 brought together the indicators for presence of a designated scientific leader, and 
division of labor. The standardized four composite variables were subsequently submitted to 
cluster analysis, specifying a range of solutions from two to five clusters. The number of cases 
analyzed is 22, since we have a missing value for one observation on one of the indices. The 
results from using squared Euclidean distance and Ward's method of clustering are presented.
The agglomeration schedule shows the stages at which observations were joined into 
clusters and the latter were further agglomerated. It indicated that a three-cluster solution might 
be the most suitable. Thus, between stages 19 and 20 (which corresponds to a transformation 
from three to two clusters) we have a substantial increment in the ESS, which comes to show 
that a three-cluster solution describes the data best in terms of organizational characteristics.
Inspecting the dendrogram in Figure 3 provides further insight into the number of natural 
groupings of collaborations according to their organization and management. Three groups of 
projects are clearly evident. Moreover, this three-cluster solution is reached at rescaled distance 
level 5, which suggests that the clusters are much more homogeneous within and 
heterogeneous between than the previous cluster analyses, where the most viable solution was 
reached at or slightly above level 10. In other words, the comparison in elevation of the cluster
24"Scientific management" was chosen for lack of a better term. This decision was 
actually based on the premise that the scientific activity of collaborations can also be managed. 
It also reflects the fact that there is a distinct line of authority associated with decision-making on 
scientific matters. “Scientific management" as it is used here should not be confused with 
Taylor’s “Scientific Management Theory.”
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profiles demonstrates that the organizational structure of MICs in our sample can be classified in 
compact groups. The dendrogram also illustrates that, like magnitude, organizational types are 
not field specific, but rather cut across fields, although materials science seems to be 
overrepresented in the first cluster from the top.
Rescaled Cluster Distances
C A S E  0 5 10 15 20 25
Label N u m + ------
gba 8 - +
ccc 21 -H--------- _|_
gba 1 -  + 4--------------- -------------- +
ccc 4 — H---- + I I
mr 22 -  + + --- + I
mp 7 — 1—  + I I
mr 16 - +  +-■ + I
mr 2 -+ I I
ccc 18 -  +  -  + + --------------------- +
ua 13 _u I I
gba 17 — b I I
ua 3 __j— + I I
gba 23 — H -r-■ + I I
mp 19 --- + + - + I I
mr 11 ■+ +- + I I
gba 12 -- + +-------------- -------------- + I
ua 10 ----- + I
mp 6 — ——--- r I
gba 15 i .. —— 4" T — *
gba 5 --- + I
ua 9 ____
ua 14 --- +
Figure 3: Dendrogram for Project Organization Clustering Using Ward's Method
The cluster membership table confirms the results displayed in the dendrogram. For the 
three-cluster case we cannot discern any noteworthy differences across fields, except for the 
fact that three of the four materials research projects in addition to the Grand Challenge 
Cosmology Consortium, UARC, and CRPC (treated under computer-centered collaborations) fall
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into Cluster 1. The other three fields are roughly equally represented in all three clusters, 
implying that there is no single dominant organizational type for each of these fields. The latter 
might have important policy implications, since it demonstrates that the successful 
interorganizational project does not come as a result of a single organizational form that allows 
effective accomplishment of extraordinarily complex and difficult tasks. It is rather the case that 
collaboration in science gives rise to certain stable types of social organization of R&D, which 
tend to transcend narrow disciplinary boundaries.
Table 29: Cluster Membership for Project Organization and Management—Three-Cluster
Solution
Case Collaboration Cluster
1:gba Astrophysical Research Consortium 1
2:mr S&T Center for Superconductivity 1
4:ccc Grand Challenge Cosmology Consortium 1
7:mp RDOG 1
8:gba Keck Telescope 1





22:mr Smart Materials Consortium 1
3:ua DND-CAT 2
10:ua Advanced Light Source Beamline Collaboration 2
11:mr CPIMA 2
12:gba VLBI Network 2
19:mp NDMDG 2
23:gba BIMA Array 2
5:gba 3 mm. VLBI 3
6:mp Angiography Diagnostics 3
9:ua Positron Diffraction and Microscopy 3
14:ua Crystal Structure of CTA and CTP 3
15:gba Sagittarius A 3
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Finally, Table 30 allows us to interpret the three clusters substantively. First, note that 
the organizational clustering produced within-group standard deviations that are all smaller than 
the total standard deviations. This is another indication that the clusters are quite homogeneous 
internally.






Mean S.D. Mean S.D. Mean S.D. Mean S.D.
Cluster 1 1.00 .00 .82 .24 .94 .10 1.45 .41
Cluster 2 .33 .26 .58 .39 .81 .21 1.10 .43
Cluster 3 .90 .22 .03 .07 .33 .30 .83 .35
Total .80 .33 .58 .41 .77 .31 1.22 .47
Note: The "hierarchy" index ranges from a minimum of .50 to a maximum of 2.00.
The first type of collaboration organization is clear-cut, and could be categorized as 
"bureaucratic." It incorporates projects with a high degree of scientific management, high degree 
of administrative management, high formalization, and high degree of hierarchy. It is interesting 
given these characteristics, that this is the most prevalent kind of multi-institutional collaborations 
in our sample (which as we might recall oversampled successful collaborations). This at least 
casts doubt over the assertion of some authors in STS (Zabusky 1995; Knorr-Cetina 1998) that 
collaborations in science are essentially very loose temporary organizations, with a great deal of 
flexibility, predominance of informal relations, decentralized management, and absence of 
central authority.
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The second kind of collaborative project is truly the "middie-ground" case. It is 
comprised of projects with a low degree of scientific management (in this case mainly without a 
designated scientific leader), and moderate levels of administration, formalization, and 
hierarchization. This type may be termed "semi-bureaucratic collaboration." The last type 
(Cluster 3) could be qualified as "non-bureaucratic.” Although it tends to have both a designated 
scientific leader and a clear division of labor, it registers the lowest degrees on administrative 
management, formalization, and hierarchy. It is the only type that fits perfectly the initial 
expectation that most MICs will be comparatively free-wheeling, transient organizations, which 
lack rules and formalized structures.
The contrast between the bureaucratic and the non-bureaucratic MIC can be made more 
salient, if we look at two projects that are representative of these types. An instance of a 
bureaucratically organized collaboration is the Center for Research on Parallel Computation 
(CRPC). This is an ambitious collaborative venture that comes as a response to the competition 
announced by NSF for new science and technology centers. CRPC involves about one hundred 
researchers, postdocs, and graduate students from seven institutions. The lead center is Rice 
University, which has formal subcontracts with the other six organizations. There are two clearly 
defined lines of management-scientific and administrative. Consequently, there are two 
positions that correspond to the division of authority-scientific director and executive director. 
There is a vertical, hierarchical differentiation of authority that is deeper than a comparable 
university department. Thus, there are five levels of authority. The top level is occupied by two 
external bodies-the Institutional Oversight Committee and the Advisory Committee, followed by 
the scientific director. The third level is the Executive Committee, which is the governing body of 
the Center. Then come the leaders of research groups. At the bottom of the hierarchy are the 
graduate students. There are both internal evaluations according to well-established standards 
and annual external evaluations by the outside Advisory Committee. The Executive Committee 
makes all important decisions.
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The non-bureaucratic type of collaboration, on the other hand, is exemplified by the 
three millimeter VLBI project. This is a small collaboration of about twenty people from six 
observatories to dramatically reduce the wavelengths at which long-baseline interferometry is 
done. Most of the work in this area is collaborative and researchers know each other quite well, 
so there was no need for any formal structure. The collaboration did not have either written 
contracts or a system of rules and regulations. It did have a scientific leader, but there was no 
external Advisory Committee at any stage. The project was dispersed among the participating 
observatories and had no lead center or a permanent physical location. The three millimeter 
VLBI project had no administrative leader or staff, and it used a mixture of hierarchical and 
consensual style of decision-making.
Last but certainly not least, the comparison between CRPC and 3mm. VLBI suggests 
that bureaucratization may be a function of the funding pattern. For example, CRPC is a long­
term NSF-funded project, whereas 3mm. VLBI is not funded by any federal agency as a project, 
although individual organizations receive financial support from such agencies.
4.4 Interdependence
The way interorganizational projects are organized and managed often parallels the 
degree to which projects work together or coordinate their efforts. This aspect of collaboration is 
captured by another structural dimension in our model—interdependence. Interdependence is a 
widely used notion in the organizational literature. It is a key concept of resource dependence 
theory, and is defined in the following manner:
In social systems and social interactions, interdependence exists whenever one 
actor does not entirely control all the conditions necessary for achievement of an 
action or for obtaining the outcome desired from the action. (Pfeffer and 
Salancik 1978, p. 40)
Since organizations are open systems, they interact with other organizations in their 
environment and hence establish interdependencies. The latter can be of different kinds 
(behavioral interdependence, outcome interdependence) and can occur at different levels
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(individual, group, organization, sets of organizations). Interdependence or mutual dependence 
often culminates in cooperative arrangements, which organizations are structurally pushed to 
enter even against their wishes to be autonomous (Hage 1980). This is partly due to the trend of 
increasing task and work complexity, requiring constant feedback and greater integration (Alter 
and Hage 1993).
Although these principles were derived from the study of industrial and service 
establishments, there is no reason to believe that they would not be applicable to scientific and 
technological systems as well. Indeed, I have already reviewed Whitley's attempt in sociology of 
science to classify scientific disciplines as reputational work organizations in terms of their 
degree of mutual dependence (1984). This study concludes that modem physics manifests the 
highest degree of both functional dependence (the need to coordinate tasks, standards, 
techniques, and methods) and strategic dependence (the need to coordinate research strategies 
and to establish collective goals) among the sciences. For the purposes of the present study the 
usefulness of Whitley's research is limited, because it deals with permanent organizational forms 
of knowledge production (the discipline) and not with temporary social formations (multi- 
institutional collaborations). Moreover, the level of social organization especially pertinent for our 
study-the specialty or the field—is not addressed by Whitley at all. Therefore, while we can 
expect that physics as a discipline will demonstrate a higher degree of social integration and 
cohesion than other disciplines, it is not clear how subdivisions within physics are differentiated 
regarding interdependence.
The most fruitful avenue to study interdependence within interorganizational scientific 
collaborations is to focus on relations among research teams. Sometimes team structure 
overlaps with the organizational constitution of collaborations. Sometimes it is topic-driven and 
cuts across participating institutions. In both of these cases the coordination of tasks, methods, 
data acquisition, results, and publications distinguish collaborative projects in terms of the 
interdependence of their constituent units. This interdependence is also indicative of the degree
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to which participants perceive themseives as members of a community, albeit temporary or 
diverse.
This level of mutual dependence has received some attention in STS research on 
collaborations. Knorr-Cetina (1998) argues, for instance, that the group structure of big HEP 
experiments includes not only "technologically focused" groups but also panels, boards, steering 
committees that perform important coordinating and integrative functions. Zabusky (1995), on 
the other hand, points out that in space science collaborations, commitment to diversity takes 
two cultural trajectories, the first being harmony or the expression of the value of diversity as 
interdependence. In polar research, one peculiarity of cooperation is that teams collect data 
together, but analyze them separately at their home laboratories (Schild 1997). These studies 
are helpful in highlighting the sociological importance of interdependence, but they have one 
major flaw-none of them tries to operationalize this structural dimension and seek variations 
across scientific fields.
In this section, the autonomy of research teams with respect to instrumentation, data 
sharing, the analysis of joint data, and the freedom of units to decide financial and personnel 
matters distinguish collaborations in terms of the interdependence of their social formations. 
Team autonomy from that standpoint should be conceived as the inverse of interdependence- 
the greater the team autonomy the less the mutual dependence. From that point of view, when 
throughout the discussion of the results in this section we refer to a high degree of 
independence, it should also be taken to mean that interdependence was low.
The summary statistics for four aspects of interdependence are displayed in Table 31.
As a whole, the fact of interdependence among teams in a project does not entail close mutual 
dependence on a daily basis. On average, instrumental autonomy was lower than other forms.
In about half of the projects, the degree of freedom of teams with regard to instruments was high. 
The degree to which individual teams were free to share data was even higher than the degree
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Degree of instrumental autonomy* 2.48
Degree of data sharing autonomy* 2.83
Degree of autonomy in analysis* 2.61
Degree of autonomy in other matters* 2.63
‘ Scaled 1=low, 3=high.
of autonomy with respect to instrumentation: 82.6% of all projects had a high level of data- 
sharing autonomy. Further, teams exhibited a comparatively high degree of autonomy in the 
analysis of shared data. Sixty-five percent of the projects in the sample stated that they were 
quite free to do that.25
Independence of individual teams within a collaboration on other matters was high-61 %  
of collaborations reported their units were very autonomous in matters concerning money, time, 
and hiring. Only 4.3% perceived the independence of teams as low. Levels of authority was 
related to freedom of individual teams in expenditures, hiring, and time allocation (Table 32). 
Multi-institutional collaborations with fewer levels of authority have higher autonomy in matters of 
money, time, and hiring than projects with more levels of authority. Four fifths of the former as 
compared to one third of the latter reported high freedom in these areas. These findings indicate 
that, overall, interdependence was fairly low, while separate units were relatively autonomous in 
most matters. This may be a result of the fields under study, which presuppose a joint project. 
The completion of the joint project requires different areas of expertise, provided by the
25AII three interdependence measures did not turn out to be affected significantly in any 
way by the breakdown variables at p<.05.
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Table 32: Crosstabulation of Levels of Authority and Autonomy in Other Matters
LEVAUTHO
Fewer The same Total
AUTONOMY IN Low Count 1 1
OTHER MATTERS % within 
LEVAUTHO 7.1% 4.3%
Medium Count 2 3 5
% within 
LEVAUTHO 14.3% 33.3% 21.7%





High Count 11 3 14
% within 
LEVAUTHO 78.6% 33.3% 60.9%
Total Count 14 9 23
% within 
LEVAUTHO 100.0% 100.0% 100.0%
Chi-Square=8.066 df=3 p=.045 n=23
separate participating organizations. This contrasts with a common endeavor in which 
everybody shares the same or similar specialization.
Exploratory factor analysis with the four interdependence variables provided a 
satisfactory factor solution. Again, initial extraction of factors was carried out by applying 
principal components with both orthogonal and oblique rotations. Two underlying dimensions 
were identified by these procedures and the scree test. One common factor explained most of 
the correlation between instrumentation autonomy and autonomy in other matters. Autonomy in 
data sharing and in analyzing shared data loaded heavily on a second factor that had a very low 
correlation with the first factor. The two-factor solution was used to construct indices. The first 
index can be described as "instrumentation independence," and was created by averaging
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instrumentation autonomy and autonomy in other matters. The other two variables were 
combined in the same way to produce the second composite variable "data sharing 
independence."
Cluster analysis of interdependence was performed with these two indices. The results 
from all three clustering methods showed perfect overlap. To assure comparability with the other 
sections, the output from Ward's method with standardized Z scores and squared Euclidean 
distance as the measure of dissimilarity will be discussed.
The agglomeration schedule showed that during the first ten stages of agglomeration the 
within-group sum of squares was still zero indicating that the cases combined to that point were 
absolutely identical. Between stages 17 and 18, which corresponds to a transition from a five- to 
four-cluster outcome, we can definitely pinpoint a jump in the ESS. This suggests a preference 
for a five-cluster solution.
Rescaled Cluster Distances
C A S E 0 5 10 15 20 25
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Figure 4: Dendrogram for Interdependence Clustering Using Ward's Method
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The decision about the number of clusters with respect to interdependence is facilitated 
by an examination of the dendrogram. There are three very compact clusters, the core of which 
is formed by the groups of cases from the agglomeration at a comparatively early stage. Two 
separate observations each form a one-member cluster. Thus, we are essentially left with three 
well-defined types (clusters). The one-member clusters can only be of theoretical interest, since 
there is over 90% probability that a collaborative project will not belong to one of these two 
additional types. They can safely be considered outliers, or extremely marginal cases.26
Table 33: Cluster Membership for Interdependence-Five-Cluster Solution
Case Collaboration Cluster
1:gba Astrophysical Research Consortium 1
4:ccc Grand Challenge Cosmology Consortium 1
6:mp Angiography Diagnostics 1
10:ua Advanced Light Source Beamline Collaboration 1
14:ua Crystal Structure of CTA and CTP 1
20:ua BNL E-878 and E-896 1
21:ccc UARC 1
2:mr S&T Center for Superconductivity 2
9:ua Positron Diffraction and Microscopy 2
1 1:mr CPIMA 2
13:ua BNL E-814 and E-877 2
16:mr MPHOIS 2
18:ccc CRPC 2
22:mr Smart Materials Consortium 2
3:ua DND-CAT 3
5:gba 3 mm. VLBI 4
8:gba Keck Telescope 4
12:gba VLBI Network 4
15:gba Sagittarius A 4
19:mp NDMDG 4
23:gba BIMA Array 4
7:mp RDOG 5
^Nevertheless, they will be kept in the graphical presentations, if only to highlight the 
possibility of such cases occurring.
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The cluster membership table above illustrates well how collaborations group together in 
distinct clusters for this solution.
As indicated earlier, we will focus on the five-cluster solution. Examination of the three 
full-fledged clusters (Clusters 1,2 and 4 in Table 33) shows that MICs are divided equally among 
the three groups. W e have at least some field-specific differentiation with regard to 
interdependence. All four collaborations from materials research fall into Cluster 2. None of the 
ground-based astronomy projects belong to this class. Five out of six members of Cluster 4  are 
MICs from ground-based astronomy. Finally, projects from uses of accelerators are split almost 
equally between Clusters 1 and 2, but are not present in the ground-based astronomy cluster at 
all.
Let us now consider the meaning of these types of collaborations by examining average 
values for interdependence.
Table 34: Interdependence Cluster Characteristics
Instrumentation independence Data sharing independence
Mean S.D. Mean S.D.
Cluster 1 2.97 .09 2.93 .19
Cluster 2 2.39 .20 2.96 .09
Cluster 3 3.00 1.00
Cluster 4 2.46 .10 2.42 .20
Cluster 5 1.00 3.00
Total 2.56 .46 2.72 .48
Note: Values for Clusters 3 and 5 indicate individual values, not means. Standard deviations 
cannot be calculated for these clusters, since we have only one observation in each.
Clusters 3 and 5, which contain one collaboration each, are unusual types. The former 
has the highest instrumentation independence and the lowest data sharing independence, while
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the latter presents the opposite case-lowest instrumentation independence and highest data 
sharing independence.
Much more meaningful are the main three types of collaborations with respect to 
interdependence. The first type which includes most accelerator-based collaborations, has a 
very high degree of both types of independence.27 This is the quintessential "autonomous" type 
of project exemplified by the Advanced Light Source Beamline Collaboration. The collaboration 
involved three distinct research groups that performed experiments in three different areas: soft 
X-ray spectroscopy, photoelectron diffraction, and display type photoemission. Each team 
operated its own end-station, although all groups used a joint beamline at LBL's Advanced Light 
Source. Thus, the collaboration utilized three different instruments whose construction was not 
coordinated. The same low interdependence holds true for data-sharing and analysis. As one of 
the participants contended:
And there I must confess that people keep their data pretty close until it's published.
Until it's prepared, we don't talk to each other much. (Interview with the PI for one end-
station)
Type 2 is most appropriately categorized as an "unbalanced " type. These 
collaborations (primarily in materials research) had low instrumentation independence, but high 
data sharing independence.28 The mean for Cluster 2, which is the lowest among full-fledged 
clusters (not including the single-case clusters), is still above the "medium" category with regard 
to instrumentation and other matters. An illustration of the high instrumental interdependence in 
"unbalanced" projects is how equipment needs of CPIMA were met. The three Interdisciplinary 
Research Groups (IRGs) submitted their purchase requests to the collaboration as a whole. The
27Conversely, it can be said to possess the lowest degree of interdependence with 
regard to those matters.
28The term "relatively" lowest is apt here, because, on average, we have a higher than 
medium degree of independence for all collaborations.
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final decision for instrumentation purchases resided with the Executive Committee, which had to
insure that a common focus is maintained:
The instrumentation that we have purchased since we are rather...we are quite 
focused in CPIMA; everything has pretty much the same kind of application 
towards some sort of film, inorganic film. (Interview with the PI of CPIMA)
Teams in unbalanced collaborations, on the other hand, do not acquire data jointly, and
are not obliged to share them within the project. For instance, the Director of S&T Center for
Superconductivity gave an affirmative answer to the question of whether research groups take
their own data that they presume are useful only to them. He elaborated that teams have full
discretion to decide whether to publish the results on their own or to approach somebody who is
an expert but may not even be part of the Center for a joint publication.
Finally, the third distinct empirical type of collaborations (Cluster 4), which consists
almost exclusively of ground-based astronomy projects, has a relatively low degree of
instrumentation independence and the lowest degree of data sharing independence. In other
words, this type of multi-institutional collaboration tends to have the highest overall
interdependence among research teams within the project, and can therefore be described as
the "interdependent" collaboration. For projects whose main goal is to build a sophisticated
piece of equipment, instrumental interdependence is a must, since the parts have to fit in a
particular way and satisfy certain technical specifications. Here is how the scientific leader of
one of these collaborations describes this process:
Part of my job as the project scientist was to define early on what we need in the 
way of instruments, so we have as a collaboration to find out priority in the 
instruments we want first. So in a sense we are building the collaboration's 
instruments. So far we don't have independent teams doing what they want.
(Interview with the scientific leader of Hobby-Eberly Telescope)
Data-sharing and analysis of joint data are also coordinated in ground-based astronomy 
collaborations to a substantial extent. In fact, it is quite common to acquire, process, and 
interpret data collectively:
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But once the experiment starts, everybody has to work together to collect the
data, and obviously people have to work together to process it at the end.
(Interview with a participant in Sagittarius A)
4.5 Participation
Unlike the previous four structural dimensions of multi-institutional collaborations in 
science, participation has been overlooked, especially at the meso- and macro-sociological level 
of analysis. This is a bit surprising, since the type of actors and extent of involvement is another 
mechanism (apart from mutual dependence) for integration of the collaboration constituents into 
a community. Moreover, productivity and performance in knowledge production organizations 
are linked to diversity of participants’ activities (Hage 1980) and to proportion of time spent on 
research (Pelz and Andrews 1966).
The increasing demands for efficiency that society puts on research organizations, as 
well as environmental pressures, both stimulate institutions to collaborate and limit their ability to 
devote most of their resources (including manpower) to cooperative endeavors. It is no wonder 
that not more than half of the physicists listed under the respective collaborating institutions are 
actually "active" in megaexperiments at CERN (Knorr-Cetina 1998). Even researchers that are 
actively engaged cannot afford to neglect numerous other duties that tie them to the home 
institutions. Thus, individual career paths are intricately intertwined with commitments to 
collaborate, and have an impact on the amount of time and devotion to joint research.
The variability in institutional and individual priorities is manifested in diversity of 
participation. Most collaborations experience some tumover-organizations, teams, and 
individuals often join or exit cooperative projects throughout their duration. Frequently, the 
stakes that scientists have in a particular experiment or mission bear upon the manner and 
extent of involvement. The latter may also fluctuate depending on the category and status of 
participants. For example, Zabusky (1995) identifies three categories of scientists working in the 
Space Science Department of ESA: (1) research fellows and postdocs who are hired 
temporarily; (2) "supernumerary" staff scientists appointed only for the duration of a particular
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mission; (3) regular staff scientists who work on contracts of up to ten years, which can then be 
either terminated or extended indefinitely.
Finally, internationalism introduces an additional source of complexity and management 
problems in scientific collaborations. Significant international participation often involves the 
reconciliation of linguistic, legal, political, and cultural differences. International projects require 
coordination of styles of thinking and work that often divide groups of researchers (Knorr-Cetina 
1998). Collaborative efforts involving cross-national participation have also been found to lack 
flexibility even more conspicuously than national collaborations because of the difficulty of 
changing a vast network of commitments (Sayles and Chandler 1971). Internationalism can also 
be at the root of misunderstandings and frictions, as in polar research cruises with participation 
from several nations (Schild 1997).
Several indicators were used to measure aspects of participation in MICs in our sample: 
pressure from the home institution, involvement (part-time vs. full-time), commitment (degree to 
which the project was of central interest to the main collaborators), number of graduate students, 
degree of graduate student participation, and internationalism. The distribution of these 
variables is displayed in Table 35.




% with pressure from the home organization 17%
% with part-time involvement 83%
Commitment (degree of central interest)* 2.52
Number of graduate students 8.57
Degree of graduate student participation* 2.48
% with international participation 35%
‘Scaled 1=low, 3=high.
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In only a few collaborations did researchers experience any pressure from their home 
organizations. In 83% of the cases there was no such pressure at all. Pressure from the home 
institution covaried significantly with sector. This association is illustrated by Table 36. 
Participants in university collaborations are more likely than those in collaborations involving 
several sectors to have experienced pressure from the home organizations. (None of those in 
collaborations with multiple sectors have been exposed to such pressure.) Even when some 
form of mild pressure is considered, this conclusion does not change significantly. The reason 
for this state of affairs may be that university researchers often have heavy teaching load, unlike 
scientists from other sectors, which might render universities more reluctant to have their 
employees engaged in additional research.





PRESSURE No Count 15 4 19
% within 
SECTOR 88.2% 66.7% 82.6%
Some Count 2 2
% within 
SECTOR 11.8% 8.7%
Yes Count 2 2
% within 
SECTOR 33.3% 8.7%
Total Count 17 6 23
% within 
SECTOR 100.0% 100.0% 100.0%
Chi-Square=6.622 df=2 p=.036 n=23
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Involvement in the project (that is, type of participation) highlights the transient nature of 
multi-institutional collaborations in science. This dimension was tapped by the question "Were 
most investigators devoted full-time or part-time to the collaboration?" In eighty-three percent of 
the projects participants worked on a part-time basis only. The rest of the observations were 
split equally between full-time and a mix of full-time and part-time involvement. Nevertheless, 
commitment (degree to which the project was a central interest of the main collaborators) was 
high in 48.7% of all collaborations, and in 43.5% it was medium. Commitment showed a 
significant relationship with presence of a designated scientific leader, as depicted in Table 37 
below. In 85.7% of the projects without a designated scientific leader the collaboration was a 
central interest of the main investigators, whereas that was the case in only 31.3% of the 
projects with a designated scientific leader. One possible explanation of this joint distribution 
could be that cooperative projects in which the main collaborators had high stakes in the 
successful completion of the collaborations, were more likely to have Co-PIs (Principal
Table 37: Crosstabulation of Scientific Leader and Commitment
SCLEADER
No Yes Total
COMMITMENT Medium Count 10 10
% within 
SCLEADER 62.5% 43.5%




SCLEADER 14.3% 6.3% 8.7%
High Count 6 5 11
% within 
SCLEADER 85.7% 31.3% 47.8%
Total Count 7 16 23
% within 
SCLEADER 100.0% 100.0% 100.0%
Chi-Square=7.757 df=2 p=.021 n=23
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Investigators) rather than a single designated scientific leader (PI, spokesperson, or director of 
the project).
Graduate student participation is important with regard to training and hands-on 
experience of young researchers. Although the number of graduate students working in 
collaborations in science was not high on average, most of them were heavily involved in 
research and experimentation. Over half of the collaborations stated that they had five or fewer 
graduate students, but in 59% graduate students participated to a high degree. Sectoral 
composition covaries with participation of graduate students (Table 38). More than three 
quarters of the collaborations that involved several sectors had a high graduate student





GRADPART Low Count 1 1
% within 
SECTOR 5.9% 4.5%




SECTOR 5.9% 40.0% 13.6%
Medium Count 2 3 5
% within 
SECTOR 11.8% 60.0% 22.7%
High Count 13 13
% within 
SECTOR 76.5% 59.1%
Total Count 17 5 22
% within 
SECTOR 100.0% 100.0% 100.0%
Chi-Square=11.371 df=3 p=.010 n=22
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participation. None of the projects in which only universities were represented had a high degree 
of participation of graduate students.
Graduate student participation was also influenced by the number of participating 
organizations (institutional diversity). Roughly ninety one percent of large collaborations had a
Table 39: Crosstabulation o f Number o f Organizations and Graduate Student
Participation
N U M B ER  O F  
O R G A N IZA TIO N S
Sm all Large Total
G R A D PA R T Low Count 
% within 
NUM BER O F  










and low NUM BER OF  





NUM BER OF  





NUM BER O F  





NUMBER O F  
O RG ANIZATIO NS
100.0% 100.0% 100.0%
Chi-Square=9.569 df=3 p=.023 n=22
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high degree of graduate student participation, as opposed to one quarter of those projects, 
where the number of collaborating organizations was small.29
Number of teams (or cognitive heterogeneity) was also associated with graduate student 
participation (Table 40). Nine tenths of the projects with a large number of teams had a high 
degree of graduate student participation in contrast to only one third of the collaborations with a 
small number of teams.









Between Count 2 1 3
medium % within
















NUMBER 100.0% 100.0% 100.0%
OF TEAMS
Chi-Square=8.142 df=3 p=.043 n=22
29Of course, in interpreting this result we will have to recall that diversity was negatively 
(though not significantly) correlated with number of participants.
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International cooperative arrangements in science have a fairly long history, but 
collaboration on a larger scale involves intergovernmental agreements and negotiations that 
often take some time. Our sample included projects that were predominantly U.S. based or 
dominated. Most of these were not conceived as large international ventures. Therefore the 
majority of international participating organizations had researchers who had worked together 
with their American colleagues before, or knew each other from professional meetings and 
conferences. Roughly one third of all projects had a "significant" international component in our 
sample. "Significance" for international participation was defined during the interviews as "a 
foreign scientific organization officially being a member of the collaboration." In other words, 
foreign nationals working at American academic or research institutions when they became 
participants were not counted as representing "significant international participation."
International participation in these collaborative projects was affected at the bivariate 
level by only one variable-length from formulation of the original idea to funding (Table 41).
Over half of collaborations with a long period to funding have significant international 
participation in contrast to only 10% of collaborations with a short period to funding. This 
corresponds to prior expectations that international projects might take longer to approve, since 
coordination of funding and division of responsibilities are usually needed between two or more 
countries.
Exploratory factor analysis with principal components initial extraction and oblique 
rotation did not lead to satisfactory results from the point of view of reduction of the number of 
variables to common factors since KMO was unacceptably low and Bartlett's test of sphericity 
yielded a high observed level of significance. Therefore, the use of the factor model is not 
appropriate and the variables should be kept in their original form for cluster analysis.
A further difficulty which makes analysis of participation the most problematic of all the 
general dimensions was the fairly small variability on most of the participation dimensions. This 
led to the derivation of clusters that are in some cases not well delineated. This probably caused
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Yes Count 1 7 8
% within 
LTOFUND 10.0% 53.8% 34.8%
Total Count 10 13 23
% within 
LTOFUND 100.0% 100.0% 100.0%
Chi-Square=4.790 df=1 p=.029 n=23
some discrepancy in the solutions obtained by different clustering methods, necessitating 
additional judgement by resorting to the complete linkage and single linkage procedures. These 
methods lend support for the clustering generated by Ward's method, which is used below.
The difficulties encountered in determining the number of clusters are evident from the 
agglomeration schedule. It reveals several relatively equal jumps in the sum of squared errors 
passing consecutively from stage 15 to stage 21. This corresponds to a decreasing number of 
clusters from 7 through 1. Thus, it is hard to decide unequivocally what solution to choose. The 
two additional linkage methods seem to suggest that a five-cluster solution might be appropriate, 
but no clear solution emerges.
The dendrogram from cluster analysis of participation using Ward's method provides 
both evidence of the difficulties of selecting an appropriate number of clusters and some clues 
that can make this choice easier. It can be seen that, depending on the level of rescaled 
distance used as a cut-off point, several cluster solutions are fairly plausible. Normally, the lower 
the threshold the better, since the clusters are more homogeneous. In this case a reasonable
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
144
cut-off value would be the midpoint between rescaled distances 5 and 10, which yields a five- 
cluster solution. At that level the clusters that are joined are not very dissimilar.30
Rescaled Cluster Distances
C A S E 0 5 10 15 20 25
Label Num + ----------------------------+ — --------------- ------------------------. _ + ----------------------------+ _ ------------------------ +
gba 15
mr 22 -  + --- 4*
ua 9 - +  + ------- — b
mr 2 - 4 ---- + I
ccc 4 — [_ _}---------- — +
mr 16 — h I I
ccc 18 — i--h I I
mp 6 — !- + ------------------------- — + + ------------------------------------------------- h
ua 10 ---------+ I I
gba 1 -  +  -  + I I
gba Q i iO *r —
ua 14 ---------+ I I
ua 20 -  + ------------------------------- -  + I I
ccc 21 — b I I I
gba 12 -  + -I--------- ------------------------- 1- I
mp 19 -  +  -  + I I
mr 11 - +  4-------------------------- — h I
ua 13 ---------+ I
ua 3 --------------------- + ------------- ---------- + I
gba 0  -3 , i4. — — — + —
mp i --------------------- + ------------- ---------- +
gba 1 1 --------------------- +
Figure 5: Dendrogram for Participation Clustering Using Ward's Method
The cluster membership table further elucidates the pattern of clustering of 
collaborations with respect to participation. There is no field-specific clustering as far as the 
various aspects of participation are concerned. The only trace of a trend here might be that three 
out of four materials research projects are grouped in Cluster 2. For the five-cluster solution we 
have three fairly small groups (Clusters 1,3 and 4) and two large constellations ( Clusters 2 and 
5).
30Dissimilarity is indicated by the distance at which clusters are combined.
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Table 42: Cluster Membership for Participation-Five-Cluster Solution
Case Collaboration Cluster
1:gba Astrophysical Research Consortium 1
8:gba Keck Telescope 1
14:ua Crystal Structure of CTA and CTP 1
2:mr S&T Center for Superconductivity 2
4:ccc Grand Challenge Cosmology Consortium 2
6:mp Angiography Diagnostics 2
9:ua Positron Diffraction and Microscopy 2
10:ua Advanced Light Source Beamline Collaboration 2
15:gba Sagittarius A 2
16:mr MPHOIS 2
18:ccc CRPC 2
22:mr Smart Materials Consortium 2
3:ua DND-CAT 3
23:gba BIMA Array 3
7:mp RDOG 4
17:gba Hobby-Eberly Telescope 4
11:mr CPIMA 5
12:gba VLBI Network 5
13:ua BNL E-814 and E-877 5
19:mp NDMDG 5
20:ua BNL E-878 and E-896 5
21:ccc UARC 5
Table 43 allows a substantive interpretation of the differences among the five clusters. 
Before that, however, it should be emphasized that the groups are not as homogeneous as in the 
previous dimensions. Thus, in a number of cases the within-group standard deviations are 
larger than the total standard deviation. This is largely due to the two types (Clusters 3 and 4) 
that are represented by two collaborations each.
The first type of projects (Cluster 1) is characterized by no pressure from the home 
organization, part-time involvement, low interest of the main collaborators, low graduate student 
participation, and no international involvement. The third feature characterizes this type as the 
"uncommitted" collaboration.
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Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D.
Clusterl .00 .00 .00 .00 2.00 .00 1.67 .58 .00 .00
Cluster2 .00 .00 .11 .22 2.56 .46 2.89 .33 .00 .00
Cluster3 .25 .35 1.00 .00 3.00 .00 1.75 .35 .50 .71
Cluster4 1.00 .00 .00 .00 2.50 .71 1.50 .00 .50 .71
Cluster5 .08 .20 .00 .00 2.67 .52 2.83 .41 1.00 .00
Total .14 .32 .14 .32 2.55 .49 2.48 .68 .37 .49
The second type (Cluster 2), which includes the largest number of collaborations, groups 
collaborations in which there was no home organization pressure either pro or against 
collaborating, almost all participants were involved part-time, the project was fairly central to the 
interests of collaborators, graduate students participated to a high degree, and there was no 
international participation. Judging from its characteristics, this class of projects is most 
appropriately defined as the graduate student-oriented type.
Type 3 collaborations emphasize full-time involvement. It describes two projects only, 
marked by very little pressure from the home organization, full-time involvement, central interest 
of the main participants, low degree of graduate student participation, and average international 
participation.
The fourth type also consists of two projects where there was always pressure from the
home organization. The pressure was in favor of greater involvement in the collaboration:
And I think that pressure that was introduced was basically our department at 
the time saying, "[X], if this is going to happen,"—this is 1990-"somebody's got 
to take charge and be a champion of it", and so it was not a pressure so much 
as saying "gee, if you want this to happen you just got to do it." But basically the 
pressure was to keep involved...(Interview with the Project Scientist of Hobby- 
Eberly Telescope)
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Finally, the distinctive feature of Cluster 5 collaborations was international participation.
Therefore, this type can be termed the international multi-institutional collaboration. The other
properties of this kind of collaboration were that there was almost no home organization
pressure, all participants were involved part-time, the collaboration was relatively central to the
interests of the participants, with high graduate student participation.
4.6 Communication
Communication is a multifaceted dimension of multi-institutional collaboration. It
encompasses both information exchanges within the collaboration and interaction with outside
agencies and the general public. Further, it takes place at multiple levels—face-to-face
interaction between individuals, communication between research groups, interaction among
organizations, and so on. It can acquire different forms as the interorganizational project
evolves-distinct phases of the project may be marked by specific "communication styles." The
intensity of communication is usually high during the preparatory and construction stages, and
significantly slower once instruments are fully operational.
Communication channels in knowledge production organizations acquire paramount
significance, since they are the medium through which new ideas flow. One consistent finding in
organizational research is that the diversity and density of communication channels increase the
likelihood of new technology adoption by organizations (Bobrowski and Bretschneider 1994). In
fact, interorganizational R&D collaborations are often formed to expand access to information:
Accumulated findings at the frontiers of research provide leverage to access, 
assimilate, and exploit additional ideas and information. R&D collaboration is 
both an admission ticket to an information network and a vehicle for the rapid 
communication of news about opportunities and obstacles. (Powell et al. 1996,
p. 120)
A variety of communication patterns exist in organizations. Nonetheless, three primary 
communications networks have been identified: the "wheel" pattern, which is a hub-and-spokes 
type of communication network; the "circle" pattern, where the closest neighbors are the primary
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communication partners; and the "all-channel" system, in which everybody is free to interact with 
everybody else (Hall 1977). In industrial production organizations the wheel pattern has proved 
to be superior in terms of efficiency, although in scientific interorganizational arrangements 
communication may be more complicated and less amenable to clear-cut typologization.
Two general methodological approaches characterize the study of communication in 
organizations and sets of organizations-the structural and the cultural. The former is chiefly 
concerned with aspects of communication such as vertical versus horizontal communication 
(Hage 1980), elements of the organizational communication structure (Johnson 1992), the 
diversity and density of communication channels (Bobrowski and Bretschneider 1994), and 
properties of learning networks (Powell et al. 1996). The latter was considered until fifteen years 
ago as distinct from the "negotiated order" approach to organizations (Fine 1984). Nowadays, 
however, the cultural and interactionist approaches have largely converged. Thus, the three 
most recent studies of collaboration in science (Zabusky 1995; Schild 1997; Knorr-Cetina 1998) 
all stress both interaction and the cultural aspects of communication. Talk (discourse) is viewed 
from that standpoint as a central mechanism for social integration, community-building, and 
cultural construction. Problems and conflicts in collaborations can be worked out in the process 
of conversation and negotiation, or through 'articulation work' and 'emotion work' (Schild 1997). 
Regular meetings help scientists and engineers to maintain a sense of unity (Zabusky 1995) and 
to sustain some sort of collective consciousness (Knorr-Cetina 1998). Communication is also 
essential for coordination of tasks, plans, and outcomes.
Both the structural and the cultural paradigms for examining interorganizational 
communication have their advantages and disadvantages. Since we are mainly interested in 
how collaborative projects vary along certain quantifiable characteristics of their communicative 
structure, the former approach will be favored over the latter in the subsequent analysis.
For some collaborations extensive communication throughout the entire duration of the 
project was essential. For others there were periods where collaborators needed to
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communicate on a daily basis, and periods where they did not feel the need for such frequency.
In any event communication is an important dimension, since collaboration intrinsically 
presupposes cooperative work, exchanging information, and discussing issues.
Table 44: Communication Characteristics of Multi-Institutional
Collaborations
(n=23)
Variables Means /  
Percentages
% managing external communication 48%
% with restrictions for reporting results 13%
% with communications center 61%
% with predominantly formal communication 13%
Frequency of communication between teams* 2.46
Frequency of communication with the lead center* 2.35
Candidness of communication between teams** 3.76
Candidness of communication with the lead center** 3.83
% scrutinized by outside authorities 11%
% where funding agency had to reorganize 12%
% receiving public attention 70%
% receiving political attention 34%
% with public relations office 22%
% with press releases 26%
% with popularization by individual participants 80%
‘ Scaled 1=less than once a month, 5=daily.
“ Scaled 1=not candid at all, 4=very candid.
The first variable in this dimension pertains to the management of external 
communication such as publications. Such management could be observed in roughly half the 
cases. In the other half of projects participants were free to publish where they wanted and 
when they thought it was appropriate. Compared to high-energy physics, where reading first 
drafts and signing off papers within the collaboration was a common practice, publication in the 
fields under study in phase III was much less regulated.
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The two associations involving external communication management are intriguing in the 
sense that they show opposite results for the influence of scientific and administrative leadership 
on control of communication. Table 45 demonstrates that having a designated scientific leader 
has a positive impact on management of external communication . Collaborations with a 
designated scientific leader are four times more likely than those without one to have some form 
of managed external communication.


























Yes Count 1 9 10
% within 
SCLEADER 14.3% 56.3% 43.5%
Total Count 7 16 23
% within 
SCLEADER 100.0% 100.0% 100.0%
Chi-Square=6.726 df=2 p=.035 n=23
The relationship between control of external communication and the presence of an 
administrative leader runs counter to the impact of the designated scientific leader (Table 46). 
Projects with a designated administrative leader did not typically manage external 
communications. One might expect the formal administration of the project to be unrelated to 
control of external communication, since the latter involves presentation of scientific results.
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Instead, we not only witness a significant association between the two, but the presence of an 
administrative leader is associated with lower management of external communication of results.








ADLEADER 14.3% 62.5% 47.8%





Yes Count 4 6 10
% within 
ADLEADER 57.1% 37.5% 43.5%
Total Count 7 16 23
% within 
ADLEADER 100.0% 100.0% 100.0%
Chi-Square=7.370 df=2 p=.025 n=23
The finding that publication activity in uses of accelerators, ground-based astronomy, 
materials research, and medical physics is less regulated than the same activity in high-energy 
physics is further strengthened by the fact that few of the collaborations required external 
clearances of some sort (13%) in reporting findings and methods to the scientific community. 
This usually involved proprietary considerations.
One interesting aspect of communication is how it is organized and carried out. There 
are basically two patterns. In the first, it is centralized at a particular location. In the second 
there is no distinguishable place for incoming and outgoing information concerning scientific or 
administrative issues. Sixty-one percent of the projects claimed to have had a communications
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center. No clear pattern across fields could be observed in that regard. However, the presence 
of a communications center was significantly associated with length from funding to publication. 
Collaborations which took two years or more to publication had a communications center in 
almost all cases, unlike those collaborations where results were published quickly.




COMMUNICATIONS No Count 8 1 9
CENTER % within 
LTOPUBL 72.7% 8.3% 39.1%
Yes Count 3 11 14
% within 
LTOPUBL 27.3% 91.7% 60.9%
Total Count 11 12 23
% within 
LTOPUBL 100.0% 100.0% 100.0%
Chi-Square=9.991 df=1 p=.002 n=23
Informal exchanges were the most common means of communication. They were the 
dominant form of communication in 83% of all collaborations. However, in 13% of the projects 
formal communication was prevalent. This finding was expected, since informal contacts and 
exchange of information are crucial in science. In this way information reaches the recipient 
much faster and clarifications can be made quickly.31
The next group of indicators measures the amount of communication and its openness. 
The overall conclusion, judging from the frequency distributions, is that communication was not
31 None of the breakdown variables was significantly associated with prevalent means of 
communication.
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extremeiy intensive. One possible reason for this is that most research groups did not 
physically work together in one location for most of the time. Most teams communicated with 
each other about once a month. The degree of communication with the lead center was 
similar.32 A cautionary note is in order here. The questionnaire did not capture differences in 
communication patterns across different stages of the project. In several interviews, 
collaboration members made the point that there were distinct differences in frequency of 
communication across phases. Normally, the proposal phase or building a common equipment 
required much more intense communication than the later stages.
Communication both with the lead center and among separate units was quite open. In 
response to the question "How candid was this communication?" 87% of the MICs claimed that 
communication with the lead center was very candid or candid. The distribution of responses 
with regard to candidness of communication between teams was identical.33
Relations with outside agencies and the public are important for multi-institutional 
collaborations because they provide much needed support. The first variable in this group was 
whether the project received scrutiny from authorities outside the scientific community, such as 
Congressional Committees or White House offices. It measured the prominence and national 
importance of the collaboration. In only eleven percent of the collaborations did respondents 
answer in the affirmative, which suggests that the bulk of selected MICs in uses of accelerators, 
materials science, ground-based astronomy, and medical physics were not of national 
prominence. Only field of research is associated with scrutiny by outside authorities (Table 48). 
Medical physics was the only field in which collaborations received noticeable scrutiny from 
Congressional Committees or White House Offices. This seems natural, since there is social
32ln 56.5% of the collaborations this frequency was either once a month or less.
33Frequency and candidness of communication were not affected by any of the 
breakdown variables.
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and political interest in research on cancer diagnostics and treatment. The only other field to 
receive some attention from the same authorities was computer-centered research.
Table 48: Crosstabulation of Field and Scrutiny from Outside Authorities
FIELD
ua qba mr mp ccc Total
SCRUTINY No Count 6 7 4 1 2 20
% within 
FIELD 100.0% 100.0% 100.0% 33.3% 66.7% 87.0%












Total Count 6 7 4 3 3 23
% within 
FIELD 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
Chi-Square=21.467 df=8
COooifQ. n=23
Another proof of the fact that most collaborations in our sample did not enjoy national 
prominence is that interviewees in just 12 percent of the collaborations indicated that the funding 
agency had to reorganize in order to manage the project. Typically, reorganization or opening a 
new line of funding are done for large projects that are costly and acquire national or 
international significance.
This is not to say that a lot of these collaborations were not in the public or political 
spotlight at least for some time. Fully seventy percent of the projects claimed that their findings 
had attracted public attention, but only one third of the collaborations attracted political attention. 
Political attention was not significantly associated with the breakdown variables. In contrast, 
public attention had two statistically significant crosstabulations. Only half of the collaborations
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with a large number of organizations received public attention, whereas 91 % of collaborations 
with a small number of participating organizations drew public attention (Table 49).
























Chi-Square=4.537 df=1 p=.033 n=23
Upon closer examination, it turns out that the relationship between publicity and number 
of organizations is due to an interaction effect with field. Telescope-building ground-based 
astronomy projects and medical physics collaborations have low institutional diversity and 
contribute most to that effect.
The second significant crosstabulation involved public attention and the presence of a 
designated administrative leader (see Table 50 below). Multi-institutional collaborations with a 
designated administrative leader received public attention in 87.5% of the cases, while 
collaborations without an administrative leader were subject to public attention in slightly more 
than one quarter of the time.
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Table 50: Crosstabulation of Administrative Leader and Public Attention
ADLEADER
No Yes Total
PUBLIC No Count 5 2 7
ATTENTION % within 
ADLEADER 71.4% 12.5% 30.4%
Yes Count 2 14 16
% within 
ADLEADER 28.6% 87.5% 69.6%
Total Count 7 16 23
% within 
ADLEADER 100.0% 100.0% 100.0%
Chi-Square=7.987 df=1 p=.005 n=23
The attention that multi-institutional collaborations receive from the outside is at least in 
part due to how much time and effort the collaboration itself spent on active external relations 
and popularizing its results. Only one fifth of the projects reported having a public relations 
office/officer. Apparently, multi-institutional collaborations in uses of accelerators, materials 
science, ground-based astronomy and medical applications of physics were more concerned 
with popularization within the scientific community than with popularization among the public. 
Furthermore, the research in some cases was considered too specific, technical, or fundamental 
to be of any interest to the lay community or even to scientists from other unrelated fields. No 
significant crosstabulations involving presence of public relations office/officer were found.
Some collaborations produced press releases, but most of them did not. In fact, just 
twenty-six percent of the MICs produced press releases on a regular basis. Several 
collaborations put special effort into creating specific outreach programs, such as the Center for 
Research on Parallel Computation.
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In contrast to regular press releases, individual researchers often popularized the 
achievements of their collaborative projects using various media outlets. In 80 percent of 
collaborations, the interviewees stated that they knew of individuals from their collaborations who 
had publicized their goals or findings.34
Since the number of variables depicting properties of the communication structure was 
quite large, data reduction was necessary prior to cluster analysis. Some subdimensions, like 
candidness of communication between teams and candidness of communication with the lead 
center, were unrelated to the breakdown variables at the bivariate level of analysis and were 
therefore dropped. Others, like frequency of communication between teams and with the lead 
center, were not significantly crosstabulated with the breakdown variables, but were still 
considered important for comparison purposes. However, when we ran factor analysis with 
indicators from this general dimension, the KMO statistic proved to be unacceptably low—only 
.394—and the two kinds of frequency of communication were excluded from further analysis.
Two variables from this group-scrutiny from outside authorities and funding agency 
reorganization-were discarded for strictly empirical reasons, since we would have had a large 
number of missing cases had we kept them.
Exploratory factor analysis with principal components initial extraction and oblique 
rotation to a terminal solution was performed with the remaining variables from this group: 
political attention, public attention, press releases, management of external communication, 
need for external clearances, presence of communications center, and informal/formal means of 
communication. Both KMO and Bartlett's test of sphericity yielded satisfactory results for the 
suitability of factor analysis with these variables. Three principal components (factors) with 
eigenvalues higher than one were extracted. Combined, these common factors explained 71%
^Popularization of the collaboration by individual participants did not have any 
significant bivariate associations.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
158
of the total variance. Political attention, public attention, and press releases had very high 
loadings on the first factor and low standardized regression coefficients on the other two factors. 
They were therefore averaged to create an index of "openness" or publicity. The second index 
was computed by combining management of external communication and need for external 
clearances, which loaded heavily on the second source variable (common factor). This index 
can best be described as "communication control.” The third composite variable was 
constructed by calculating the average value of communications center and means of 
communication, which were strongly correlated with each other but not with the other five 
variables. For this index an appropriate term is "communication formalization."
Cluster analysis of communication structure was accomplished by using the three 
indices as cluster variables, standardized Z values to assure equal weights, and squared 
Euclidean distance as a dissimilarity measure. There was some discrepancy among the three 
solutions achieved by applying Ward's method, average linkage between groups, and average 
linkage within groups. Additional clustering was performed with the complete linkage method. It 
showed greatest concordance with Ward's method, which is used henceforth.
The agglomeration schedule for communication gives us some early clues as to the 
most suitable number of clusters, their formation and similarity. The ESS is zero up to stage 4 
of the hierarchical agglomeration process, which demonstrates that we do not have as many 
identical cases here as with participation interdependence. Moreover, it is not before stage 9 
that we have the first joining of two clusters. All of the above suggests that compact clusters will 
not emerge as a final solution. A  three-cluster solution may serve as the best representation of 
the communication structure of collaborative projects, since the first substantial increase in the 
within-group sum of squares occurs at the transition between stages 19 and 20. That 
corresponds to the transition from a three-cluster to a two-cluster outcome.
Additional support for a three-cluster solution comes from the dendrogram in Figure 6. If 
the midpoint of the rescaled distance axis is used as a cut-off value, three comparatively well-
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delineated groups of observations are visible. However, at some stages of aggregation clusters 
are joined at a fairly long distance. Thus, the elevation profiles show relative heterogeneity within 
the three final clusters before the threshold value.
Rescaled Cluster Distances
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Figure 6: Dendrogram for Communication Clustering Using Ward’s Method
The cluster membership table reiterates the inferences reached from the dendrogram. 
Except for the smallest cluster, which has a mixed membership, we can observe distinct 
clustering by field. Thus, Cluster 1 consists of six out of seven projects from ground-based 
astronomy and three out of four collaborations from materials research. None of the projects 
from uses of accelerators falls into this category. On the other hand, Cluster 3 includes four out 
of five collaborations that involve accelerators. Only medical physics is split equally among the 
three groupings of collaborations in terms of communication.




: Cluster Membership for Communication—Three-Cluster Solution
Collaboration Cluster
1:gba Astrophysical Research Consortium 1
2:mr S&T Center for Superconductivity 1
5:gba 3 mm. VLBI 1
8:gba Keck Telescope 1
11:mr CPIMA 1
12:gba VLBI Network 1
16:mr MPHOIS 1
17:gba Hobby-Eberly Telescope 1
19:mp NDMDG 1
23:gba BIMA Array 1
3:ua DND-CAT 2
6:mp Angiography Diagnostics 2
18:ccc CRPC 2
4:ccc Grand Challenge Cosmology Consortium 3
7:mp RDOG 3
9:ua Positron Diffraction and Microscopy 3
10: ua Advanced Light Source Beamline Collaboration 3
13:ua BNL E-814 and E-877 3
14:ua Crystal Structure of CTA and CTP 3
15:gba Sagittarius A 3
21 :ccc UARC 3
22: mr Smart Materials Consortium 3
In view of these differences by field with respect to communication characteristics, it is 
important to examine the characteristics of these clusters. The properties of each of the three 
communication types are shown in Table 52, the summary table of means and standard 
deviations for the three composite variables used in the cluster procedure.
The first type of structure of multi-institutional collaborations can be described as 
"uncontrolled informal communication," which is specific to ground-based astronomy and 
materials research. This communication structure is relatively open, with a very low control (no 
clearances and no management of external communication), and low formalization (no 
communications center, informal interaction dominant). To put it in a different way, this appears 
to be the quintessential free-wheeling MIC, a collection of independent actors.
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Mean S.D. Mean S.D. Mean S.D.
Cluster 1 .53 .33 .00 .00 .30 .26
Cluster 2 1.00 .00 .50 .50 1.00 .50
Cluster 3 .19 .19 .53 .23 .33 .35
Total .45 .37 .28 .34 .41 .40
The second type is not as common as the first. It is characterized by extreme openness, 
rather high control, and extreme formalization. This is truly the most structured and regulated 
communication arrangement, which can be defined as the open formal type..
Type 3 is dominated by multi-institutional collaborations using accelerators. The 
communication structure typical of this field features little openness and extreme control. Both 
properties of this structure are intuitive, since-like high-energy physics-uses of accelerators and 
heavy-ion physics collaborations in particular are not something of interest to the general public, 
unlike astronomy and medical applications. Internal reviewing and signing off on a collaboration 
paper are common practices, which explains the higher degree of communication control.
Finally, communication formalization for this type of projects is low, because networking is rather 
informal, and most of the MICs in this group do not have a special communications center. The 
prominent features of this kind of collaboration characterize it as the "controlled" type of project.
4.7 Technological Practice
Technological practice is perhaps the most essential structural feature of multi- 
institutional collaborations in science. Broadly understood as not only the design and building of 
equipment, but also as data acquisition, manipulation, and analysis, topical differentiation and 
management, coordination of instruments, technical change, innovation, and cross-checking of
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results, such practice powerfully shapes the daily work, interaction, and relationships in
collaborative arrangements. Thus, the latter can most aptly be described as "technoscience."
Scientists themselves are keenly aware of the crucial role that technology plays in pushing
forward the state-of-the-art in their respective fields:
It turns out that nearly all of the really exciting discoveries in astronomy in this 
century have been a result of technological innovation. So there's no question 
that the instrumentation side of things is absolutely vitally important, and I think 
it's often the scientists who get the glory for having discovered something.
(Interview with the scientific leader of 3 mm. VLBI)
On a macro-sociological level, it is often the enormity and complexity of problems 
created by the development of new technologies that require collaboration among organizations 
(Sayles and Chandler 1971). Whether this is the application of nuclear power, the exploration of 
outer space, or the study of global climate changes, such problems are too complex and costly 
to be tackled by a single organization. Most interorganizational collaborations that focus on the 
development and application of specific technologies fall under the rubric of technical systems, 
characterized by loose coupling among participating units and partial investment (Shrum and 
Morris 1990). However, even multi-institutional arrangements which primarily focus on scientific 
research are heavily dependent on instrumentation, empirical data analysis, and at least some 
integration of techniques. Consequently, their organization is similar to that of technical 
systems.
Technological practice is a requisite aspect of working together to achieve a common
goal. In fact, it has a pronounced structuring and integrating influence because it forces
collaboration participants to negotiate and overcome their differences in order to make
experiments work. In space science, for example, the critical part of the project is to integrate
the spacecraft and the mission payload, which requires close collaboration:
Working together thus moves steadily toward this final integration, and people 
talked as if it were this technological necessity that dictated their social 
practices. It was "technological integration" that forced people to compromise, 
to find their way to agreements, to overcome or at least organize the diversity of 
interests that might divide them along the way. (Zabusky 1995, p. 185)
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The structuring function of technology manifests itself not only with respect to 
participants' action but also with respect to the social organization of multi-institutional 
collaborations. In large high-energy physics experiments, for instance, technological objects 
differentiate scientists in terms of working groups. The group structure is flexible, with technical 
problems dictating the shape of change (Knorr-Cetina 1998).
In summary, the technology that is constructed by or for collaborations in science plays 
an indispensable part in their functioning. Often, the critical stage in a collaborative project is 
equipment design and building. Some fields (uses of accelerators, ground-based astronomy) 
rely more heavily on the construction of special instruments than others (materials research, 
medical physics). Moreover, certain social relations that persist are built up by overcoming 
technological problems and difficulties. Finally, instrument specifications and construction can 
also be a source of tension and dissensus. Thus, there are convincing theoretical grounds to 
argue that a broad conception of technological practice as instrument construction and 
utilization, as well as data acquisition and analysis, is crucial to our understanding of how 
collaborations vary and the patterned consequences of this variation. This argument now needs 
to be subjected to empirical scrutiny. The first step is to demonstrate the variability of 
interorganizational scientific formations in terms of their technological practices, and to examine 
how these formations can be classified into distinct types.
The distribution of technological practice variables is illustrated by Table 53. As in high 
energy physics, space science, and geophysics, the multi-institutional collaborations in the third 
phase are truly "technoscientific collaborations." Seventy percent of all collaborations designed 
and sixty-five built their own equipment. Designing and building own equipment were both 
unrelated to any of the breakdown variables, which means that they were distributed randomly 
across MICs regardless of their other characteristics.
Another aspect of technology in collaborations is whether there were subcontracts with 
outsiders to obtain instruments. Such was the case in 44% of the observations. The bivariate
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% designing own equipment 70%
% building own equipment 65%
% subcontracting to outsiders 44%
Degree of subcontractor's work * 1.90
% with instrument change 22%
% with advance in the state-of-the-art 74%
% with raw data modification 98%
% with agreements between Pis for data sharing 100%
% with central management of topics for analysis 44%
% with regular checking of results 70%
% with topics overlap 74%
% with problems due to time pressure 26%
*Scaled 1=none, 2=some, 3=most
analysis with the breakdown variables revealed a statistically significant association with number 
of teams. Smaller collaborations are more likely to subcontract, which we would expect, given 
that they bring fewer resources to the project than collaborations with a large number of teams.
Approximately one fifth of the collaborations reported that instruments used in their 
projects had turned out differently than originally proposed. In three quarters of the MICs the 
interviewed researchers claimed that their instrument or equipment represented a major advance 
in the state-of-the-art, which demonstrates that collaborations in phase III were heavily 
experimental and technology-dependent. In some cases the equipment built by the collaborative 
project became the standard, state-of-the-art technology in the field.
One might expect teams within a collaboration to have a propensity to share and 
exchange data and software, as well as to jointly discuss results. This was not always the case, 
since in some projects teams had narrow spheres of expertise and did not depend on results by
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Table 54: Crosstabulation of Number of Teams and Subcontracting
NUMBER OF TEAMS
Small Large Total


























Chi-Square=6.316 df=2 p=.043 n=23
other teams. Furthermore, in some collaborations data were acquired jointly, whereas in others, 
teams took and modified their own data. When we consider the extent to which standardized 
data processing was employed rather than the use of raw data, it seems obvious that almost all 
raw data had to be summarized, measured or somehow prepared to facilitate their use in 
addressing scientific issues. This process was achieved mainly by writing custom software. The 
collaborations file demonstrated that data sharing agreements were present in nearly all sampled 
projects.
Collaborations managed the topics to be analyzed by the individual members in slightly 
less than half of the cases. Topic management was associated with division between intellectual 
and administrative authority (Table 55). Multi-institutional collaborations where there is a clear-
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cut division of authority managed topics for analysis by individual members in 61.5% of the 
cases. Only one fifth of the collaborations without a clear division of authority chose topics to be 
analyzed by individual scientists.




TOPIC No Count 8 3 11
MANAGEMENT % within 
DIVAUTHO 80.0% 23.1% 47.8%





Yes Count 2 8 10
% within 
DIVAUTHO 20.0% 61.5% 43.5%
Total Count 10 13 23
% within 
DIVAUTHO 100.0% 100.0% 100.0%
Chi-Square=7.611 df=2 p=.022 n=23
The prevailing opinion was that teams checked the accuracy of each other’s results. 
Three quarters of the interviewed claimed that they did so in these projects. This seems 
reasonable, since three quarters of projects in the sample reported that there had been overlaps 
in topics analyzed by the collaborators. Results checking was significantly related to sectoral 
composition. Collaborations composed of organizations from several sectors did not check the 
accuracy of results within the collaboration in 29.4% of the cases, whereas collaborations where 
only universities were represented always engaged in checking. Perhaps this is, at least partly,
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a reflection of the more formalized manner in which university collaborations were run as 
compared to those where several sectors were represented.




CHECKING No Count 5 5
OF RESULTS % within 
SECTOR 29.4% 21.7%





Yes Count 12 4 16
% within 
SECTOR 70.6% 66.7% 69.6%
Total Count 17 6 23
% within 
SECTOR 100.0% 100.0% 100.0%
Chi-Square=7.441 df=2 p=.024 n=23
Time pressure contributed to problematic results in about one quarter of all 
collaborations. In most cases these were discovered in time by other collaborators, who 
checked the data, and the problems were eventually eliminated. Only style of decision making 
had a significant impact on problematic results due to time pressure. This relationship was in the 
predicted direction. More "hierarchical" collaborations tended to have more frequent problematic 
results caused by time pressure more. Table 57 reveals that 83.3% of hierarchical projects had 
problematic results due to time pressure. This compares to only 10% of the moderately 
consensual collaborations and to none of the consensually run projects.
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Table 57: Crosstabulation of Style of Decision-Making and Problematic Results





Consensual hierarchical Hierarchical Total
PROBLEMATIC No Count 6 9 15
RESULTS % within
DECISION 85.7% 90.0% 65.2%
MAKING












7 10 6 23
DECISION 100.0% 100.0% 100.0% 100.0%
MAKING
Chi-Square= 17.221 df=4 p=002 n=23
Aspects of instrumentation, data acquisition, and data manipulation embraced a fairly 
large number of items from the questionnaire, and data reduction was required prior to cluster 
analysis. This was accomplished with great difficulty, since technological practice turned out to 
be one of the most problematic dimensions from the point of view of the quality of data. Three 
original variables were excluded from the outset. Two of them—agreements between Pis for 
data sharing and raw data modification had no variation. The third variable (character of 
subcontractor's work) was a contingency item, which, if input for cluster analysis, would have 
resulted in an unacceptably large number of missing cases (roughly 50%). Subsequently
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another variable had to de dropped owing to missing values-the type of software used in the 
collaboration. A second reason was that this variable was instrumental in achieving poor 
statistics for the adequacy of factor analysis.
The final set of indicators left for exploratory factor analysis consisted of nine variables. 
One of these-checking of collaboration results-proved to be uncorrelated with any single factor, 
and it was decided to treat this measure in its original form. The other eight variables were 
subjected to factor analysis with principal components extraction and oblique rotation. The KMO 
statistic for sampling adequacy was .515, and chi-square from Bartlett's test of sphericity was 
significant at p<.01. The scree test showed a clear case of three underlying dimensions. Since 
two variables-topics overlap and topics management-had negative factor loadings on their 
respective components, they were recoded in reverse order. In other words, the respective 
indicators used to construct the indices denoted topics nonoverlap (topic segmentation) and lack 
of topics management (topical autonomy). Three composite variables, corresponding to the 
underlying conceptual dimensions identified by factor analysis, were computed. The first, 
labeled "instrumental orientation," combined building own equipment, designing own equipment, 
and subcontracting. Three indicators loaded heavily on the second common factor. Thus an 
index of "innovation," was constructed by averaging technological advance, topic segmentation, 
and problematic results due to time pressure. The third index was calculated by averaging the 
values of topical autonomy and instrumental change. "Team control" probably best describes 
the source variable, reflected by this index. This is so, since data selection of topics by separate 
teams and modifications in instruments imply the opposite of topical management and planned 
construction.
Cluster analysis of technological practice was performed using the standardized values 
of the three indices, together with results checking. Squared Euclidean distance was selected 
as a dissimilarity measure. The outcome in terms of number of clusters and cluster membership 
was very similar across the three clustering methods.
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The hierarchical agglomeration schedule shows that for twenty-one stages of 
agglomeration35 there are three small jumps in the error sum of squares, which indicates the 
possibility of three plausible solutions—a five-cluster outcome (the transition from stage 17 to 
stage 18), a four-cluster solution (the transition from stage 18 to stage 19), and a three-cluster 
outcome (the transition from stage 19 to stage 20).
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Figure 7: Dendrogram for Technological Practice Clustering Using Ward's Method
The dendrogram in Figure 7 provides the necessary information for a judgement on the 
number of clusters that best characterizes collaborative projects with respect to technological 
practice. With a rescaled distance nine as a cut-off point, there are four well-defined groups of
35There was one missing case.
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collaborations. With a three-cluster solution, the distances at which clusters combine are quite 
large.36 A five-cluster solution is also a possibility, but the cluster at the bottom of the 
dendrogram has a substantially different elevation than the other four. Increasing the threshold 
value by just one unit results in a four-cluster solution, which yields interpretable clusters of 
roughly equal sizes.
Table 58: Cluster Membership for Technological Practice-Four-Cluster Solution
Case Collaboration Cluster
1:gba Astrophysical Research Consortium 1
2:mr S&T Center for Superconductivity 1
8:gba Keck Telescope 1
9:ua Positron Diffraction and Microscopy 1
13:ua BNL E-814 and E-877 1
15:gba Sagittarius A 1
20:ua BNL E-878 and E-896 1
3:ua DND-CAT 2
6:mp Angiography Diagnostics 2
12:gba VLBI Network 2
17:gba Hobby-Eberly Telescope 2
23:gba BIMA Array 2
4:ccc Grand Challenge Cosmology Consortium 3
5:gba 3 mm. VLBI 3
7:mp RDOG 3
14:ua Crystal Structure of CTA and CTP 3
21 :ccc UARC 3




22:mr Smart Materials Consortium 4
Table 58 shows cluster membership, indicating that with one exception the clusters do 
not exhibit field-specific differentiation. Three out of four materials research projects are 
concentrated in cluster four, but the main divisions are otherwise unrelated to the scientific areas
^Large distances indicate relative dissimilarity between the clusters being combined.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
172
that provided the basis for our sample. Collaborations in ground-based astronomy are found in 
every cluster except cluster four. In Phases l and II of this study, technological differences were 
fundamental to projects in high energy physics, space science, and geophysics, but they were 
based on special characteristics of the practices these fields entail. When technological 
practices are considered in the abstract, the distinctions are considerably more complex.
The mean differences in technological characteristics of the four types of projects are 
shown in Table 59 for each of the factors used in cluster analysis. Judging by the dispersion, 
clusters one and four are the least homogeneous among the four, with the largest standard 
deviations on most variables.
Table 59: Technological Practice Cluster Characteristics
Instrumental
orientation
Innovation Team control Results
checking
Mean S.D. Mean S.D. Mean S.D. Mean S.D.
Clusterl .88 .16 .55 .38 .14 .20 .86 .24
Cluster2 .97 .07 .33 .12 .75 .25 1.00 .00
Cluster3 .00 .00 .60 .30 .35 .22 1.00 .00
Cluster4 .63 .38 .13 .18 .35 .34 .00 .00
Total .64 .42 .42 .32 .38 .33 .73 .43
Since technological practice is considered crucial among the structural classification 
schemes of interorganizational formations in the five areas of interest, the features of the four 
technological types will be described in greater detail.
(1) The most distinctive feature of the seven multi-institutional collaborations that 
constitute the first cluster was the combination of analytical management and planned 
development of instrumentation. I propose to designate these collaborations as managerial not 
to imply high levels of bureaucracy, but because there are relatively high levels of control over
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instrumentation and analysis. Collaborations from the first type included the Astrophysical 
Research Consortium, the Science and Technology Center for Superconductivity, the Keck 
Telescope, the Positron Diffraction and Microscopy Project, BNL E-814 and E-877, BNL E-878 
and E-896, and Sagittarius A.
Cluster one is the only cluster in which most of the collaborations actively managed the 
topics to be analyzed by individual members (alternatively, there was low team control). Topical 
management does not imply imposition of research themes on the teams or individual 
participants, but rather the coordination of analysis by the collaboration as a whole. For 
example, the observation of the Galactic Center Sagittarius A at 3 mm. frequencies had to be 
done at four observatories according to a maser time standard. Some, but not all of these 
projects exhibited overlap of topics. For instance, the relativistic heavy ion experiments at 
Brookhaven, known as E-814 and E-877, had several graduate students working with 
electromagnetic interactions. Although they were measuring slightly different things, some 
items-like a total cross-section-needed to be compared.37
These interorganizational collaborations typically designed and built their own 
equipment, although most did some subcontracting to outsiders for construction of instruments. 
Indeed, constructing a complex and unique instrument was sometimes the sole, or main purpose 
of the collaboration. For example, in one of the projects a specific corporation was created-the 
California Association for Research in Astronomy (CARA)-by two participating organizations 
(University of California and Cal Tech) with the sole purpose of designing, building, and 
operating the Keck Telescope. The mirror was designed and built by Lawrence Berkeley 
Laboratory (LBL). Subcontracts with outside firms were signed for components such as the
37 Checking the accuracy of each other's results was rather the rule than the exception in 
managerial collaborations since there was little segmentation in topics for analysis. Thus, the 
graduate students working in overlapping areas within experiment 814 at BNL sometimes 
discovered disagreements in the measurement of cross-sections that needed checking.
Typically this had something to do with the calibration of a detector or was due to people using 
different codes. However, results checking was even more common in clusters two and three.
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glass, the polishing, cutting, and testing of the mirror segments, the construction of the dome and 
foundations. Interestingly, LBL selected the subcontractors, but opted to let CARA actually have 
the contracts with outsiders to avoid unnecessary overhead. Some projects in this group put a 
lot of effort in designing and building instruments for their dedicated use, but did not contract out 
(Positron Diffraction and Microscopy, BNL E-814 and E-877).
Managerial collaborations constructed instruments or used procedures that represented 
an advance in the state-of-the-art at the time. Interestingly, this innovation was sometimes 
measured in terms of cost-effectiveness. For instance, the leader of the Astrophysical Research 
Consortium thought that the 3.5-meter telescope, built by the collaboration, was unique in the 
sense that it cost $9 million, as compared with the 4-meter telescope at Kitt Peak.38 In this case, 
the price was brought down by reducing the weight of the mirror, which in the late 1980s was 
considered a significant achievement. The collaboration successfully addressed the problem of 
complex tracking motions so that the mirror would be exposed to less gravitational stress and 
therefore would need fewer steel supports. Other collaborations from this group emphasized the 
size of the instrument they were trying to construct. Thus, the Keck Telescope was at the time 
the largest telescope in the world with its ten meter mirror. The majority of participants in only 
one project (BNL E-814 and E-877) did not believe that their co-operative research made a 
major contribution to the field (relativistic heavy ion experiments), although one of them 
considered the equipment quite innovative (the calorimeter and the drift chambers).
(2) The second cluster consists of Dupont-Northwestern University-Dow Collaborative 
Access Team (DND-CAT), the Angiography Diagnostics Project, the VLBI Network, the Hobby- 
Eberly Telescope, and the BIMA Array. Cluster two characteristics are in some respects quite 
similar to those of cluster one in terms of a focus on technological instrumentation and cross­
checking of results among teams.
38 He estimated that Kitt Peak would cost roughly $45 million at present.
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However, the most significant difference is the one that sets cluster two apart from the
other clusters. In none of these projects was there central management of topics to be analyzed
by its constituents. Topics were controlled by independent teams. For this reason I term cluster
two decentralized. An exemplary case is the BIMA Array. This collaboration built an array of six
short radio wavelength antennas for astronomical observations, using a decentralized group of
project teams. In answer to the question of whether the collaboration managed topics to be
analyzed by its individual members, the astronomer who served as both scientific and
administrative leader replied:
No, no. W e do it in the usual [academic] way. The faculty individuals have their 
special science interests, and the students that work for them work with them 
depending on the style of the individual faculty. (Interview with the leader of 
BIMA Array)
The instrument in this case turned out differently than originally proposed-the panels for 
the antennas came out much better than initially expected-which had a favorable impact on the 
collaboration.
The absence of topical management is striking, especially since in every collaboration in 
this cluster there were overlapping analytical topics. Most of the time this resulted from the 
attempt to solve a common problem (e.g., Angiography Diagnostics). Occasionally, the attempt 
to study the same topic by two separate teams within the collaboration created some tension 
(the VLBI Network), but the important feature is that the collaboration did not seek to control or 
coordinate the analysis of independent project teams.
Like managerial collaborations, this class of projects maintains a strong focus on 
instrumentation. All five collaborations designed and constructed instruments, subcontracting 
the manufacturing of certain pieces of equipment. A  typical example is DND-CAT. One 
university and two corporations agreed to cooperate in order to build and use a beamline at the 
Argonne National Laboratory's synchrotron radiation facility. That was predicated on a common 
interest of researchers from each of the three participating organizations in this facility. Design
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and construction of the instruments was principally carried out by the founding member 
institutions, but they subcontracted the building of certain pieces of equipment to outside 
machine shops.
While all collaborative arrangements of the second type made contributions to the state- 
of- the-art, these tended to be of a different nature. Some built complex facilities (DND-CAT). 
Others constructed advanced equipment at a much lower cost. For example, the Hobby-Eberly 
Telescope is one of the largest in the world with a mirror of eleven meters, yet it was constructed 
for one fifth of the cost of comparable telescopes. Of course, this was accomplished at the 
expense of somewhat lowered capability, since the Hobby-Eberly Telescope gives access to 
declinations that cover only 70% of the range of a general-purpose telescope at the same site. 
This trade-off between scientific capacity and cost-effectiveness is what makes the Hobby- 
Eberly Telescope somewhat different from the Astrophysical Research Consortium in cluster 
one. Still others sought improvements on previous procedures. The Angiography Diagnostics 
Projects was the first to put patients under a synchrotron radiation beam.
(3) Five interorganizational collaborations were included in the third technological 
cluster: the Grand Challenge Cosmology Consortium, the 3 mm. VLBI Collaboration, the 
Radiology Diagnostic Oncology Group (RDOG), the Crystal Structure of CTA and CTP Project, 
and the Upper Atmospheric Research Collaboratory (UARC). I will designate this cluster 
noninstrumental because its primary distinction is that these collaborations do not design and 
build their own equipment, nor do they subcontract the construction of such equipment. Two of 
the collaborative projects (the Grand Challenge Cosmology Consortium and the Upper 
Atmospheric Research Collaboratory ) were computer-centered, which explains why they were 
not engaged in instrument construction. The other three performed sophisticated experiments 
by making use of already existing facilities. Thus, for example, the project on Crystal Structure 
brought together materials scientists, solid state chemists, and solid state physicists from 
Dupont, BNL, and SUNY-Stony Brook. These researchers sought to determine the structure of
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the high temperature form of CTA and CTP from which the nonlinear optical material crystallizes, 
using the National Synchrotron Light Source at Brookhaven.
Like clusters one and two, collaborations in cluster three boasted some kind of advance 
in the state-of-the-art, but it is not based on instrumentation. For the Grand Challenge 
Cosmology Consortium this was mainly the incorporation of parallelism into cosmological 
computations. For the 3 mm. VLBI the advance consisted in using existing equipment (the Mark 
III system, the Atomic Frequency Standards, the clocks) at several observatories for a new 
purpose. For the Radiology Diagnostic Oncology Group the contribution of the collaboration was 
a comprehensive study of the accuracy of imaging procedures and staging of lung and prostate 
cancer.
In two of these projects, time pressure combined with the uncertainty of the experiment 
to create problems. For example, the scientific leader of the 3 mm. VLBI collaboration pointed 
out that his group experienced difficulties several times in precise synchronizing of separate 
observations of a signal, since even a tiny burst of interference could offset the electronics just 
before the signal comes through.
Topics overlapped only in the two computer-focused collaborations (the Grand 
Challenge Cosmology Consortium and the Upper Atmospheric Research Collaboratory). 
However, projects within this cluster were not distinctive in terms of management practices. 
Topics for analysis were not managed by the collaboration in two of the interorganizational 
projects (Crystal Structure of CTA and CTP and 3 mm. VLBI), while the other three 
collaborations actively discussed and coordinated the topics to be analyzed. Since the 
participants were not engaged in designing or assembling equipment for their particular 
experiments, there were no unforeseen changes in instrumentation. As in clusters one and two, 
these multi-institutional projects devoted special attention to checking the accuracy of scientific 
results within the collaboration.
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(4) The final clustering by technological practice includes the Advanced Light Source 
Beamline Collaboration, the Center for Polymer Interfaces and Macromolecular Assembly 
(CPIMA), Materials Partnership for Hybrid Organic/Inorganic Semiconductors (MPHOIS), the 
National Digital Mammography Development Group (NDMDG), and the Smart Materials 
Consortium. What distinguishes these collaborations is relatively low innovation and 
coordination of results. Typically the latter results from the division of labor within a 
collaboration—separate research teams tackling their specific topics. As we have seen with 
cluster two, results may be subject to extensive cross-checking even though teams operate with 
relative autonomy. Like cluster two, these projects had relatively large overlaps in the topics 
addressed.39 But for the routine collaborations in cluster four, teams did not check the accuracy 
of each other’s results. For example, there were three separate teams in the Advanced Light 
Source Beamline Collaboration, each responsible for an end station. Checking and coordination 
occurred within the research groups, but not between them.
Another distinctive feature of these projects was that, while several designed and built 
instruments, they were less likely than other clusters to push the state-of-the-art in their 
respective scientific fields and there was not much time pressure. Occasionally, there was some 
disagreement among participants on whether the collaboration had made an important advance 
in the state-of-the-art. For example, the scientific leader of the Materials Partnership (MPHOIS)- 
-a collaborative venture in materials science that involves five institutions and is funded by the 
Defense Advanced Research Project Agency (D ARP A)—expressed the opinion that in some 
cases, such as the organic ultra high vacuum deposition systems, the project definitely produced
39 Overlap of topics for analysis was a common phenomenon in collaborative 
arrangements of type four and was viewed as a natural state of affairs, beneficial for participants 
as well as the project as a whole. A pertinent illustration is provided by the designated 
administrative leader of the Center for Polymer Interfaces and Macromolecular Assembly 
(CPIMA), who elaborated: "We have actually taken advantage of overlap in a sense that, if there 
is some common material that is being examined by multiple techniques, that can lead to a very 
important synergy." (Interview with the administrative leader of CPIMA).
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an advance in the state-of-the-art. The two other informants in the same project, however, did
not think that it generated any kind of breakthrough technology or findings.
Routine collaborations may or may not be heavily involved in design and construction of
instrumentation-it is simply not a distinguishing feature.40 Management of topics to be analyzed
by the project teams in the collaboration was also split. In some instances the organization and
monitoring of what was to be analyzed and by whom even changed over time:
We have evolved to the point where projects, and more importantly IRG 
(Interdisciplinary Research Group) coordinators have been required to have a 
clearer focus, and therefore there will need to be some management of 
activities. (Interview with the administrative leader of CPIMA)
As we would expect in routine collaborations, the instrumentation in this technological
class remained the same as originally proposed.
4.8 Multidimensional Clustering of Multi-Institutional Collaborations
In this section I shift the focus of typological analysis to a more holistic description of 
interorganizational arrangements in science. This approach puts emphasis on how the seven 
structural dimensions are interrelated, and the classification scheme that best captures these 
interrelations. In a certain sense, the most challenging typology from a research point of view is 
the one that cuts across all dimensions. This task is complicated by the fact that the number of 
clustering variables increases dramatically. I first selected one measure for each general 
dimension-that is, seven variables altogether. The criterion for selecting those clustering 
variables was the degree to which a given variable discriminates among clusters on a given 
dimension. This was measured by mean differences among clusters on cluster characteristics.41
40 A case in point is the NDMDG collaboration, which pooled researchers from Harvard 
Medical School, the University of Chicago, GE Corporate R&D Labs, University of North 
Carolina, Thomas Jefferson University, and Sunnybrook Hospital in Toronto for the purpose of 
earlier detection and management of breast cancer. The collaborators designed and built one 
part of the equipment-the fiber optics that image and digitize the breast. However, they did not 
contract out the design or construction of instruments.
41See the seven summary tables of cluster characteristics above.
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As a result of this procedure, the following seven variables were chosen: instigating sector, size 
(number of participants), administrative management, instrumentation independence, 
commitment (degree to which the project was a central interest of the main collaborators), 
communication openness (publicity), and instrumental orientation.
To assure methodological consistency, squared Euclidean distances between the 
standardized Z  scores of the above variables were used to construct the similarity matrix for 
clustering. The results from Ward's method of linkage are discussed below.
Since the number of variables is large for our sample size, and since some of the 
variables are indices, perfect identity between any two observations is not to be expected, and 
this is what we find in the agglomeration schedule. The ESS is never zero even at stage one of 
the aggregation. A steady incremental change in ESS with no big "jumps" can be observed up 
to stage 18.42 The transition from stage 18 (which corresponds to four clusters) to stage 19 
(which represents a three-cluster solution) marks the first dramatic increase in the within-groups 
sum of squares, which suggest that a four-cluster outcome might be appropriate.
Further support for a four-cluster solution is provided by the dendrogram in Figure 8.
The choice here is clearly between a four-cluster and a two-cluster solution. However, since a 
two-cluster outcome results from combining the four clusters at a fairly high rescaled distance, 
the four-cluster outcome is preferable to retain compact clusters (more homogeneous 
groupings). Thus, there are four well-defined groups of collaborations at a rescaled distance of 
10. Further, the clusters are somewhat field-related. The top cluster is dominated by ground- 
based astronomy projects. The second from the top has a mixed field membership. The third 
cluster from the top again consists predominantly of ground-based astronomy collaborations.
The bottom group includes uses of accelerators, medical physics, and half of the materials 
research MICs.
42Since we had one missing observation, we ended up with 22 cases or 21 stages of 
hierarchical agglomeration.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
181
Rescaled Cluster Distances
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Figure 8: Dendrogram for Multidimensional Seven-Variable Clustering Using Ward's 
Method
Table 60 reveals that we have two groups of medium size (Clusters 3 and 4), one small 
group (Cluster 1), and one fairly large group (Cluster 2). We can also see how the field-specific 
differentiation operates. The two "ground-based astronomy" clusters are differentiated by 
telescope-building collaborations vs. projects using existing facilities. Cluster 1 represents 
telescope-building: The Astrophysical Research Consortium, Keck Telescope, and Hobby-Eberly 
Telescope. Cluster 3, on the other hand, is comprised of projects that were not created for the 
purpose of constructing telescopes, but used existing telescopes for astronomical research:
3mm VLBI and Sagittarius A. Differences between these two clusters in terms of the seven 
dimensions are clarified by the summary table of means and standard deviations (Table 61).
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Table 60: Multidimensional Seven-Variable Cluster Membership-Four-Cluster Solution
Case Collaboration Cluster
1:gba Astrophysical Research Consortium 1
2:mr S&T Center for Superconductivity 1
8:gba Keck Telescope 1
17:gba Hobby-Eberly Telescope 1
3:ua DND-CAT 2
6:mp Angiography Diagnostics 2
9:ua Positron Diffraction and Microscopy 2
10:ua Advanced Light Source Beamline Collaboration 2
12:gba VLBI Network 2
16:mr MPHOIS 2
19:mp NDMDG 2
22: mr Smart Materials Consortium 2
4: ccc Grand Challenge Cosmology Consortium 3
5:gba 3 mm. VLBI 3
14:ua Crystal Structure of CTA and CTP 3




13:ua BNL E-814 and E-877 4
18:ccc CRPC 4
23:gba BIMA Array 4
Type 1 collaborations consist almost exclusively of ground-based, telescope-building 
projects. These MICs are instigated predominantly by universities, involve a large number of 
participants, and are characterized by high level of administrative management. They have a 
moderate instrumentation independence, are not a central interest of the main collaborators, but 
enjoy communication openness, and have the highest instrumental orientation (building, 
designing, and subcontracting their own instruments). I designate this type the large, formal 
collaboration.
The second type includes most collaborations from uses of accelerators and medical 
physics, as well as half of the materials research projects. What stands out about this class is
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Table 61: Cluster Means and Standard Deviations for the Seven Variables Used in
Multidimensional Clustering
Variables Clusters
Cluster 1 Cluster 2 Cluster 3 Cluster 4 Total
Instigating sector .25 .88 .40 .20 .50
(.50) (.35) (.55) (.45) (5 1 )
Size 70.00 22.40 21.60 53.40 37.90
(33.70) (12.90) (10.90) (14.10) (26.20)
Administrative .92 .44 .30 .80 .58
management (.17) (.41) (.45) (.22) (-41)
Instrumentation 2.60 2.70 2.80 2.10 2.50
independence (.25) (.30) (.37) (.62) (.45)
Commitment 2.00 2.80 2.10 3.00 2.50
(.00) (.37) (.22) (.00) (.49)
Communication .71 .46 .13 .57 .33
openness (.21) (.41) (.18) (.40) (.47)
Instrumental 1.00 .83 .17 .33 .60
orientation (.00) (.15) (.37) (.47) (-44)
Note: Standard deviations are given in parentheses.
that almost all projects are multisectoral. They are small in size collaborations, with little 
administrative management, and fairly high instrumentation autonomy. These projects are a 
central interest of the main collaborators in the project, and have an instrumental orientation. 
Many projects belong to this type, which I term "multisectoral," after their most salient feature.
Type 3 consists of ground-based astronomy collaborations using existing facilities and 
computer-centered MICs. It is in many ways the exact opposite of the "large formal 
collaboration.” Projects of the third type are small, with very low administrative management, 
and high instrumental independence. They do not have an intense commitment by the main
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collaborators, and they display the lowest communication openness and instrumental orientation 
among all types. Thus, an interesting finding is that, while telescope-building MICs tend to be 
the largest, most bureaucratically organized, most visible to the general public, and 
technologically the most equipment-focused projects, MICs using existing facilities to make 
astronomical observations tend to be the smallest, least bureaucratically run, least visible, and 
least equipment-focused. One way to understand why the two types are so radically different is 
that while telescope-building collaborations in astronomy are expensive ventures involving large 
numbers of people to construct ground-breaking equipment, projects using existing astronomical 
equipment are less expensive and deal with issues that are more esoteric to the laymen. 
Therefore, type 3 interorganizational projects are most appropriately characterized as the small, 
informal collaborations.
Type 4 is truly a "melting-pot" of collaborations. It is comprised of one project from each 
of the four fields and CRPC. This cluster is dominated by university-instigated collaborations, 
has a rather large size, high administrative management, and low instrumentation independence. 
It is of central interest to the main participants, has medium openness, and a low instrumental 
orientation. The lowest instrumentation independence of this type in comparison with all 
previous types, allows us to characterize it as an interdependent collaboration.
The most notable results from the bivariate and multivariate typological analysis of multi- 
institutional collaborations in this chapter may be summarized briefly. First, in light of the 
findings from the first two phases of the AIP study of multi-institutional collaborations, it was 
expected that interorganizational projects in ground-based astronomy, uses of accelerators, 
materials science, medical physics, and computer-centered research would cluster by field along 
the main structural dimensions. However, for half of the dimensions typologized in this chapter- 
magnitude, organization and management, participation, and technological practice 
classifications—collaborations did not fall into clear field-specific clusters. This indicates that 
structural dimensions may be more useful both theoretically and empirically than their broad
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(specialty) content area to understand the variability of institutional collaborations. Second, in 
view of the conclusions from previous studies of scientific collaborations within the framework of 
STS (Zabusky 1995; Schild 1997; Knorr-Cetina 1998), it was anticipated that collaborative 
projects in our sample will overwhelmingly be characterized by non-bureaucratic management, 
informal organization, high interdependence, and substantial social integration. For at least half 
of the projects under study that turned out not to be the case. Third, both crosstabular and 
cluster analysis revealed that important structural properties of scientific collaborations are not 
independent of each other. Thus, magnitude was positively related at the bivariate level to 
bureaucratization. Larger collaborations are more likely to have an external Advisory 
Committee, designated administrative leader, and clear division of authority. Longer projects 
tend to have more levels of authority than shorter collaborations. Cluster analysis revealed 
some interrelation between organization and technological practice. Instrument-building 
collaborations form ground-based astronomy are either bureaucratically or semi-bureaucratically 
managed. Ground-based astronomy projects using existing facilities, on the other hand, have a 
non-bureaucratically organized structure.
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PERFORMANCE, INTERPERSONAL RELATIONS, AND DOCUMENTATION PRACTICES IN 
INTERORGANIZATIONAL SCIENTIFIC COLLABORATIONS
The classification schemes developed so far gain theoretical and practical significance 
to the extent that they are shown to have the ability to affect important sociological outcomes. 
Contemporary scholars have distinguished performance, trust, conflict, stress, and documentary 
routines as crucial aspects of knowledge production.43 This chapter examines how the eight 
structural typologies relate to these outcome dimensions. The main conclusion from a series of 
one-way ANOVAs is that the classification based on technological practice is superior to other 
typologies in its power to predict the full range of criterion variables. Additionally, the multivariate 
causal patterns that lead to particular outcomes of interorganizational scientific collaborations 
are explored through detailed qualitative comparative analysis in which the breakdown variables 
are used as input conditions.
5.1 Performance: Success, Timeliness of Completion, Cost-Effectiveness
Success or "performance" is the most valued outcome of science, the criterion in terms 
of which projects are justified and evaluated. Various measures of success have been used, 
including the number of publications, citations, and patents (Irvine and Martin 1985; Pelz and 
Andrews 1966). These are usually considered as "objective indicators" that reflect productivity. 
Without recapitulating the debates concerning problems with these measures, even if there were 
an independent, aperspectival standpoint from which success could be determined, perceptions 
of success are more significant (Mazur and Boyko 1981). This is so because the ultimate 
evaluation of a program affects the reputations of collaborators and their likelihood of acquiring 
further resources, as information about project outcomes is circulated within a network of
43These five dimensions appear to be important to scientific activity regardless of the 
level at which social and intellectual change is examined, e.g., the work group, the organization, 
the specialty, or the discipline. Thus, in spite of the scarcity of comparative studies of multi- 
institutional collaborations, it seems likely that they are important here as well.
186
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significant actors. Multi-institutional collaborations may be defined as successful or
unsuccessful in terms of many dimensions—the extent to which they accomplish objectives, are
completed on time or within budget, produce results that are used by others within and outside
the field, and so forth. Yet there is a general sense in which projects-especially those that
require substantial commitments of resources and personnel-are evaluated positively or
negatively by the scientists who work on them. It is often not only the scientific achievement of
the project, but precisely the fact that it came as a result of a fruitful common effort that was
emphasized by individual participants when they elaborated on the success of a collaboration:
I would say this has been very, outstandingly successful. In terms of scientific results, 
relationships between people, building new relationships, being successful at a complex 
facility-super. (Interview with a scientist from the Advanced Light Source Beamline 
Collaboration)
It is in this sense that I will speak of the "success" of a collaboration. The original 
performance measures included the following indicators: own opinion of successfulness of the 
project, other people's opinion of successfulness of the project, timeliness of completion 
(whether the project was finished on time), and cost-effectiveness of the project (whether the 
project was finished on budget). Exploratory factor analysis showed that the first two variables 
share a common factor underlying the high correlation between them. Thus, they were 
combined in an index of "success", created by taking the average of the two indicators. The 
remaining variables in this block were left in their original form.
Separate ANOVAs were carried out with the eight cluster membership variables and the 
three performance measures. Only one analysis of variance turned out to be significant. 
Technological type44 was significantly associated with successfulness of the project. Table 62 
presents the descriptives for success of MIC by technological practice membership groups.
44The term "technological type" refers to "technological practice membership."
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TEC H C LU 43 1.00 7 3.3929 .4756 .1798
2.00 5 4.0000 .0000 .0000
3.00 5 3.7500 .2500 .1118
4.00 5 3.3000 .4472 .2000
Total 22 3.5909 .4401 9.384E-02
a. TECHCLU4=Technological practice cluster membership
Projects from type 2 are the most successful as compared to the other technological 
types of coiiaborations. Overall, the omnibus test provided strong support that the sample 
means came from populations with significantly different means. The F ratio of 4.14(3,18) is 
significant at p<.05, indicating that technological type affects the perception of successfuiness of 
the MIC. The strength of this relationship, as measured by q2 (eta squared) is .41. In other 
words, 41%  of the variation in perceived success of the collaboration could be explained by type 
of MIC with respect to technological practice. This is a moderately strong relationship by normal 
standards in the social sciences.
The next question is which individual means differ significantly from each other. I test for 
pairwise mean differences, using a modification oftheTukey HSD test for groups of unequal 
sizes. The results are displayed in Table 63 below.
Two comparisons ("contrasts") are significant at p<.05 (between types 2 (decentralized) 
and 1 (managerial) and between types 2 (decentralized) and 4  (routine)). In both cases 
decentralized collaborations are judged to be more successful. We might recall that with regard
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
189
Table 63: Multiple comparisons for Success of 






d-J) Std. Error Sig.
1.00 2.00 -.6071* .214 .049
3.00 -.3571 .214 .368
4.00 9.286E-02 .214 .972
2.00 1.00 .6071* .214 .049
3.00 .2500 .231 .705
4.00 .7000* .231 .033
3.00 1.00 .3571 .214 .368
2.00 -.2500 .231 .705
4.00 .4500 .231 .245
4.00 1.00 -9.29E-02 .214 .972
2.00 -.7000* .231 .033
3.00 -.4500 .231 .245
*• The mean difference is significant at the .05 level.
to technological practice, decentralized collaborations are characterized by high instrumental 
orientation (a composite variable combining designing own equipment, building own equipment, 
and subcontracting), low technological management, and extensive results checking within the 
collaboration. Thus, it appears that low levels of analytical management in combination with a 
focus on instrumentation may influence perceptions of success. The first condition of success 
partially confirms the finding of Pelz and Andrews (1966) that greater autonomy is associated 
with greater creativity. The five collaborations that belong to the decentralized group of projects
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are Dupont-Northwestern-Dow CAT, Angiography Diagnostics, the VLBI Network, Hobby-Eberly 
Telescope, and BIMA Array.45
Qualitative comparative analysis of perceived success started with twelve input 
variables. Several runs were performed with a diminishing number of variables, selected from 
the initial set of input measures. The idea was to try to reach an optimum solution in terms of
Table 64: Truth Table for Six Causes of Success of the Collaboration
Causal Configuration3 Outcome3 0 Cases 1 Cases
1 2 3 4 5 6 7 Freq Pet Freq Pet
1 1 0  1 1 1 c 1 10.00 1 7.69
1 1 1 1 0 0 1 0 0.00 3 23.08
1 0  1 0  0 1 1 0 0.00 1 7.69
1 0 0 0  0 0 1 0 0.00 1 7.69
1 0 1 0 0 0 1 0 0.00 1 7.69
1 1 0 1 0 0 0 1 10.00 0 0.00
0 0 1 0 1 1 0 1 10.00 0 0.00
1 0  1 0  1 0 1 0 0.00 1 7.69
1 1 1 1 1 0 c 1 10.00 1 7.69
0 1 1 1 1 0 0 1 10.00 0 0.00
0 0  1 0  0 0 0 3 30.00 0 0.00
1 1 1 0  1 0 0 1 10.00 0 0.00
1 1 0  1 1 0 1 0 0.00 1 7.69
0 0 1 0 1 0 0 1 10.00 0 0.00
0 1 1 1 1 1 1 0 0.00 1 7.69
1 1 1 0  11 1 0 0.00 1 7.69
0 0 0 1  1 0 1 0 0.00 1 7.69
Totals 10 100.00 13 99.98‘
3 1=CONTRACT (written contracts), 2=DIVAUTO (division of authority), 3=SECTOR (sector- 
1=multiple sectors, 0=university only), 4=SIZE (size, measured by number of participants- 
1=large, 0=small), 5=LTOFUND (length to funding, 1=long projects, 0=short projects), 
6=DECMAK (style of decision-making—1=hierarchical, 0=consensual). 
b The outcome variable is SUCCESS (perceived success of collaboration): 1-'successful," 
0="unsuccessful," c=contradictory outcome. 
c Less than 100.00% due to rounding.
45We should bear in mind that the construction of the Hobby-Eberly Telescope was not 
finished at the time of the interviews, and the evaluation of successfulness referred to the 
expected quick completion and first light of the telescope.
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non-contradictory outcomes and parsimony. The variable that contributed least to the succinct 
description of the data (in other words, the one that had greatest variation with respect to the 
outcome variable) was dropped in each subsequent run. The optimal solution was reached with 
six conditions: presence of written contracts, division of authority, sector, size (number of 
participants), length of time from the original idea to funding, and style of decision-making. The 
further reduction of input conditions led to a substantial increase in the number of contradictory 
outcomes, which rendered such models unsatisfactory. The summary truth table for 
successfulness of the collaboration as a function of the six most discriminating predictors is 
presented below.
If contradictory outcomes are excluded, nine conjunctures result in perceived success of 
collaborations, while six lead to lack of success. In both cases we have only one combination of 
causes that is associated with the respective outcome for more than one multi-institutional 
collaboration. This, and the fact that any attempt at cutting down the number of causal 
conditions yields more contradictory outcomes clearly indicates that there is no obvious strong 
pattern of causes associated with perceived success.
The logical minimization of the truth table was performed by QCA 3.0 using the Quine- 










46Uppercase letters denote presence of an attribute, while lowercase letters denote 
absence of this attribute. Multiplication stands for logical "and," whereas addition indicates 
logical "or."
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The seventh combination of causal conditions most often results in a succcessful 
outcome of the coliaboration-presence of written contracts, a division between administrative 
and intellectual authority, multiple sectors, large size, short period from the original idea to 
funding, and consensual style of decision-making. It accounts for 27.27% of the successful 
projects, excluding configurations with contradictory outcomes. Three multi-institutional 
collaborations conform to this pattern-the Science and Technology Center for 
Superconductivity, the Grand Challenge Cosmology Consortium, and the VLBI Network. The 
second most frequent successful outcome is associated with the first combination of conditions— 
presence of written contracts, lack of division of authority, multiple sectoral composition, small 
size, and short period to funding. It accounts for 18.18% of the collaborative projects that were 
judged successful, disregarding the MICs with contradictory outcomes. Two interorganizational 
projects fall into this group-Dupont-Northwestern-DOW CAT and the Angiography Diagnostics 
project.
It is also interesting to examine what mix of causal variables leads to less successful
collaborations. Applying the Quine-McCluskey algorithm reduces the primitive expressions to






The second causal configuration—no written contracts, no division of authority, multiple 
sectors, small size, and consensual decision-making-accounts for 37.5% of the cases of 
"unsuccessful collaborations." The projects that exhibit this combination of input conditions are 
Crystal Structure of CTA and CTP, Sagittarius A, and the Smart Materials Consortium. The next 
conjuncture, which includes 25% of the MICs which were not very successful, is the first 
combination of causes-absence of contracts, no division of authority, multiple sectors, and long 
period to funding. The two collaborations in this category are the Positron Diffraction and
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Microscopy project and the Digital Mammography Group. In general, the first four conditions— 
absence of written contracts, no division of authority, multiple sectoral composition, and small 
size-explain the majority of less successful collaborative projects. Another important result is 
that stvle of decision-makina does not correlate with success of the project. Thus, some of the 
more successful collaborations made decisions by consensus, while others used more 
hierarchical forms. The same holds true for the less successful projects.
Another outcome that measured performance to a certain extent was whether the project 
was completed on time, earlier than planned, or later.47 After a number of trials, five input 
conditions emerged as important for whether the project was finished on time: written contracts, 
size, length to funding, presence of an administrative leader, building of equipment by the 
collaboration. The truth table summary for the model with these five conditions is presented 
below.
The summary truth table shows that before minimization there are ten causal 
configurations that result in earlier completion of projects or their accomplishment within the 
planned time frame. If we disregard the contradictory outcomes, five combinations of conditions 
lead to delays in project completion. Interestingly enough, when all five input conditions are 
absent, timely completion of the collaborative project frequently occurs.








47The original variable was recoded, such that 1 denoted that the project was finished 
earlier (or on time) and 0 denoted that it took longer than planned.
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Table 65: Truth Table for Five Causes of Timely Completion of the Collaboration
Causal Configuration3 Outcome15 0 Cases 1 Cases -C ases3
1 2 3 4 5 6 Freq Pet Freq Pet Freq
1 1 1 1 1 c 2 22.22 1 8.33 0
1 1 0  11 1 0 0.00 1 8.33 1
1 0 0 1 1 1 0 0.00 1 8.33 0
1 1 0 0 0 1 0 0.00 1 8.33 0
0 0 0 0 0 1 0 0.00 2 16.67 0
1 0 0 0  1 0 1 11.11 0 0.00 0
1 1 0  1 0 1 0 0.00 1 8.33 0
0 0 1 0 1 0 1 11.11 0 0.00 0
1 0  1 0  1 1 0 0.00 1 8.33 0
1 1 1 1 0 0 2 22.22 0 0.00 0
0 1 1 1 1 0 2 22.22 0 0.00 0
0 0 0 0  1 1 0 0.00 1 8.33 0
1 0  1 1 1 1 0 0.00 1 8.33 0
0 0 1 1 1 1 0 0.00 1 8.33 0
0 1 1 1  — 1 0 0.00 1 8.33 0
1 0  1 1 0 — 0 0.00 0 0.00 1
0 0 0 1  0 0 1 11.11 0 0.00 0
Totals 9 99.99d 12 99.97d 2
3 1=CONTRACT (written contracts), 2=SIZE (size, measured by number of participants), 
3=LTOFUND (length to funding), 4=ADLEADER (administrative leader), 5=BULEQUIP (building 
of own equipment).
b The outcome variable is FINTIME (timely completion of the project): 1="on time or earlier," 
0="later than planned," c=contradictory outcome. 
c -  indicates missing values. 
d Less than 100.00% due to rounding.
Absence of written contracts, small size, short period from initial idea to funding, and 
absence of an administrative leader are, in combination, responsible for the relatively large 
number of collaborations finished on time or earlier than planned. Excluding the contradictory 
configurations48, we find out that three out of eleven MICs (27%) finished on time with that 
combination of input variables. The second most common causal configuration resulting in 
timely manner completion is: presence of formal contracts, short period of time to funding,
^In what follows, contradictory outcomes are always excluded.
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presence of administrative leader, and building of equipment to be used by the collaboration as a 
whole. It is noteworthy that the only common condition between the two input configurations 
associated with timely completion of the collaborative project is short period to funding.
Next, we examine what combination of the same causal conditions results in delays in 







There is no strong pattern that accounts for most of the collaborations that were finished 
later. However, the first two causal conjunctures cover over half of these collaborations.
Cost-effectiveness cannot be applied in a straightforward manner to scientific research 
as it is held to apply to, for example, industrial production. In our case it is conceived only in the 
narrow sense of whether the multi-institutional collaboration exceeded the initially approved 
budget or not. With this caveat, the QCA model sought to predict what co-occurrence of causal 
variables was associated with completion of the project within budget. After several runs with 
diminishing number of input variables, the most discriminating set of predictors was: division of 
authority, system of rules, size, and style of decision-making. The summary truth table for this 
model is given below.
One thing that immediately draws attention is that there are fewer configurations that 
predict cost-effectiveness than timely manner of completion of the project. Thus, only five 
combinations of causes yield a positive outcome for cost-effectiveness, and only four—a negative 
outcome. Two combinations of conditions cause 71.43% of the cost-effective MICs. A third 
conjuncture accounts for an additional 14.29%.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
196
Table 66: Truth Table for Four Causes of Cost-Effectiveness of the Collaboration
Causal Configuration3 Outcome11 0 Cases 1 Cases —Cases3
1 2 3 4 5 Freq Pet Freq Pet Freq
1 1 1 1 c 1 16.67 1 6.67 0
1 1 1 0 1 0 0.00 5 33.33 1
0 1 0  1 1 0 0.00 1 6.67 0
0 0 0 0 1 0 0.00 5 33.33 0
0 0 0  1 0 1 16.67 0 0.00 0
0 1 0 0 1 0 0.00 2 13.33 0
1 0  1 0 0 2 33.33 0 0.00 0
1 1 0 0 1 0 0.00 1 6.67 0
1 0 1 1 0 1 16.67 0 0.00 0
1 1 0 1 — 0 0.00 0 0.00 1
0 1 1 0 0 1 16.67 0 0.00 0
Totals 6 100.01d 15 100.00 2
3 1=DIVAUTO (division of authority), 2=SYSRULES (system of rules), 3=SIZE (size, measured 
by number of participants), 4=DECMAK (style of decision-making). 
b The outcome variable is FINBUDG (cost-effectiveness of the project): 1 -'cost-effective," 
0="not cost-effective," c=contradictory outcome.
3 -  indicates missing values. 
d More than 100.00% due to rounding.




We can interpret this multiple conjuncture as a statement that collaborative projects are 
finished within budget when there is a division between intellectual and administrative authority, 
a formal system of rules, and a consensual style of decision-making. Alternatively, they may 
have no division of authority, but a system of rules in small projects. Finally, projects do not 
exceed the budget when they are small, without a division of authority, and decisions are taken 
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The first conditional conjuncture accounts for 57.14% of the cases of cost-effective
projects. Thus, the prevalent pattern is either lack of division of authority in small projects with
well-established system of rules, or lack of division of authority in small projects with consensual
decision-making. The remaining projects finished without additional costs are characterized by
division of authority, formal systems of rules and regulations, and consensual decision-making.
Interestingly enough, in two configurations the absence of division of authority leads to cost-
effectiveness, while in one it is the presence of such division that yields the same result. The
explanation may lie in the size of the collaboration. Small collaborations usually have one
scientist who performs both the function of scientific and administrative leader. In large MICs, on
the other hand, there is more likely to be a well-defined division between scientific and
administrative authority, vested in different people. Another notable result is that a formal
system of rules and consensual decision-making both contribute to keeping costs down.
Finally, the minimized equation for projects that exceeded the initially planned budget




The first combination of conditions accounts for over half of the "cost-ineffective"
projects. Large interorganizational collaborations seem to be the most likely to cost more than
the initial budget estimate.
5.2 Interpersonal Relations
Interpersonal relations are important for the formation, development, and functioning of
interorganizational arrangements. In fact, they are essential for insight into how cooperation
among organizations can be viewed as a process. This is so, because
...cooperative lORs are socially contrived mechanisms for collective action, 
which are continually shaped and restructured by actions and symbolic 
interpretations of the parties involved. (Ring and Van de Ven 1994, p. 96)
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This section focuses on three dimensions of interpersonal relations: trust, conflict, and 
stress. It could be argued that stress should not be considered in this category. However, 
insofar as it describes the prevailing atmosphere that affects participants' relationships with each 
other and their performance of common technical tasks, stress has an important interpersonal 
aspect. Trust, conflict, and stress can be analyzed as both independent and dependent 
variables in a study of multi-institutional collaborations. Here I will emphasize their interpretation 
as outcomes of structural properties.
5.2.1 Trust
The role of trust in interorganizational relations has been well documented (Alter and 
Hage 1993; Ring and Van de Ven 1994; Browning et al. 1995; Gulati 1995; Kramer and Tyler 
1995). Prior interactions and repeated ties contribute to the establishment of high trust, which 
facilitates efficient cooperation in alliances, joint ventures, partnerships, consortia, and other 
forms of collaboration (Ring and Van de Ven 1994; Gulati 1995). As a matter of fact, social ties 
and capital links reinforce a culture of trust, which in turn stimulates cooperation among various 
sorts of organizations (Alter and Hage 1993). Some initial degree of trust is a necessary 
prerequisite for successful foundation of R&D consortia such as SEMATECH (Browning et al. 
1995).
It is not an exaggeration to claim that trust is required for all systems of knowledge 
production, especially when scientific institutions and individual researchers have to coordinate 
their efforts toward a common goal. Since most multi-institutional collaborations are typically 
complex social formations that tackle varied and complex research problems, trust within the 
collaboration acquires even greater importance. The recognition of "trustworthy persons" is a 
necessary component in building research networks (Shapin 1995). In collaborations, it is not 
merely the identification of trusted associates at the outset but the continual reliance on mutually 
agreed objectives, practices, technical alterations, and project deadlines that makes trust such 
an important factor for the duration of a project. Trust has an impact on the social cohesion and
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smooth functioning of these temporary organizations. We would therefore expect that working
together would involve a fairly high level of trust for most of the MICs in our sample. This is,
indeed, what we found. The degree of trust both towards other researchers and towards the
project management was generally high, but at certain times there were doubts as to the
reliability of some collaborators. Often this happened when new people joined the collaboration.
Misgivings about their trustworthiness usually had a temporary character:
I think broadening the collaboration for this 896 experiment led to some distrust, 
which I believe has been almost wholly alleviated at this particular point, but it's 
certainly what’s caused the problems early on. They just didn't trust each 
other’s results, basically." (Interview with the co-spokesperson of BNL E-878 &
E-896).
Since we did not have much variation in trust, it does not come as a surprise that only 
one structural typology yielded a significant relationship with this variable. That was between 
degree of trust towards other researchers in the collaboration and technological type. Table 67 
summarizes levels of trust towards other researchers within technological types of projects.
Table 67: Descriptive Statistics for Trust Towards Other Researchers by 





1.00 7 2.3571 .4756 .1798
2.00 5 3.0000 .0000 .0000
3.00 5 3.0000 .0000 .0000
4.00 5 3.0000 .0000 .0000
Total 22 2.7955 .3982 8.489E-02
The only mean differences are those involving the first group of projects, contrasted with 
each of the other three types. Clusters 2, 3, and 4 display no variation and uniformly exhibit high 
trust towards colleagues in the same collaborative project. The analysis of variance overall test
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confirms that indeed we have a significantly lower degree of trust in collaborations from the first 
type.49 To evaluate the strength of the association between the two measures, we again 
computed eta squared. It shows that 59% of the variation in trust towards other researchers in 
the collaboration can be explained by the technological type of MIC.
Table 68: Multiple Comparisons for Trust Towards Other Researchers by 
Technological Practice Cluster Membership
Mean
(I) Difference
TECHCLU4 (J) TECHCLU4 (l-J) Std. Error Sig.
1.00 2.00 -.6429* .161 .004
3.00 -.6429* .161 .004
4.00 -.6429* .161 .004
2.00 1.00 .6429* .161 .004
3.00 .0000 .174 1.000
4.00 .0000 .174 1.000
3.00 1.00 .6429* .161 .004
2.00 .0000 .174 1.000
4.00 .0000 .174 1.000
4.00 1.00 .6429* .161 .004
2.00 .0000 .174 1.000
3.00 .0000 .174 1.000
*• The mean difference is significant at the .05 level.
49F(3,18)=8.72, significant at p<.001. The F-value shows that the ratio of the between 
groups mean sum of squares to the within groups mean sum of squares is sufficiently high to 
denote a statistically significant association between cluster membership and trust towards other 
researchers. In other words, the systematic variation (due to the relationship between the two 
variables) is fairly large as compared to the random error (the within group variation).
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As might be expected, the Tukey HSD multiple contrasts test revealed significant 
pairwise differences between managerial collaborations in cluster 1 and all the other types 
(Table 68). The pairwise contrasts demonstrate that the degree of trust towards colleagues in 
projects from the managerial type was significantly lower than that in other classes of MICs. The 
managerial type of collaborations includes the following projects: Astrophysical Research 
Consortium, Keck Telescope, Sagittarius A, Science and Technology Center for 
Superconductivity, Positron Diffraction and Microscopy and BNL E-814 and E-877. Its 
distinguishing features are high instrumental orientation, high degree of innovation (whether the 
instrument represented an advance in the state-of-the-art, whether there was no overlap of 
topics in data analysis, and whether there were problematic results due to time pressure), high 
degree of technological management, and some data checking. One possible explanation of the 
relatively lower trust towards other researchers in these collaborations is that they devoted a lot 
of attention to instrument building, there were problems of technical nature, and at the same time 
there was a substantial amount of technological management and data checking.
In order to examine the structural conditions and more specifically the combinations of 
conditions that foster or undermine trust toward other researchers in multi-institutional 
collaborations, I performed qualitative comparative analysis. When the original ordinal measure 
was dichotomized, 18 out of 23 scientific collaborations experienced a high degree of trust. The 
most appropriate variables with regard to the differentiation between high and low extent of trust 
after several preliminary runs proved to be contracts, division of authority, sectoral composition, 
and style of decision-making. The summary truth table for the model specifying trust as a 
function of these input conditions is presented in Table 69.
Several features behind the development of trust toward other researchers in the 
collaboration stand out from the summary truth table. First, there seems to be a fairly simple 
causal structure that determines this type of trust. Seven causal configurations result in a 
positive outcome (high trust), while four produce negative outcomes (low trust). Second, despite
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
202
the small number of input conditions, there are no contradictory outcomes, which indicates a 
clearer causal pattern associated with one of the dichotomous outcomes. Third, although the
Table 69: Truth Table for Four Causes of Trust towards Other Researchers
Causal Configuration3 Outcome3 0 Cases 1 Cases
1 2 3 4  5 Freq Pet Freq Pet
1 1 0  1 0 2 40.00 0 0.00
1 1 1 0 1 0 0.00 6 33.33
1 0 1 1 1 0 0.00 1 5.56
0 0 0 0 1 0 0.00 2 11.11
1 0  1 0 1 0 0.00 2 11.11
1 1 0 0 1 0 0.00 2 11.11
0 0  11 0 1 20.00 0 0.00
0 1 1 0 0 1 20.00 0 0.00
0 0  1 0 1 0 0.00 4 22.22
0 1 1 1 0 1 20.00 0 0.00
1 1 1 1 1 0 0.00 1 5.56
Totals 5 100.00 18 100.00
3 1=CONTRACT (written contracts), 2=DIVAUTO (division of authority), 3=SECTOR (sectoral 
composition), 4=DECMAK (style of decision-making).
b The outcome variable is TRUSTOTH (trust towards other researchers): 1="high," 0="low."
vast majority of collaborations involve a high degree of trust toward other researchers, the 
explanation may be relatively simple, if we minimize the truth table by deriving the prime 
implicants.
Applying Boolean reduction of the primitive expressions, the resulting pattern is one of




The first configuration of input conditions that leads to high trust towards other
researchers is presence of formal written contracts and multisectoral composition. This
accounts for ten out of eighteen collaborations with high trust (55.56%). The third combination of
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causes—absence of written contracts, no division of authority, and consensual decision-making-
explains six out of eighteen, or 33.33% of the cases where trust was high. These two
conjunctures, then, embrace almost ninety percent of all collaborative projects with high trust
towards other researchers, consensual style of decision-making in the collaboration is most
strongly related to high trust-16 of 18 projects (88.89%) have this characteristic. Since in
qualitative comparative analysis we are more interested in combinations of input variables, it is
worth noting that the combination of consensual decision-making with written contracts produces
ten out of eighteen high trust outcomes.
It is also indicative to look at the multi-institutional collaborations with a low degree of
trust towards other researchers. The reduced prime implicants equation is:
trustoth=contract*SECTOR*DECMAK+ 
contract*DI VAUT 0*S  ECTOR+
CONTRACT*DIVAUTO*sector*DECMAK.
The last configuration—presence of written contracts, division between intellectual and 
administrative authority, university composition, and hierarchical decision-making-covers 40%, 
or two cases (Astrophysical Research Consortium and Keck Telescope). Overall, four out of 
five, or 80% of the collaborative projects with low trust towards other researchers utilized 
hierarchical decision-making. This is just the opposite of collaborations with high degree of trust 
towards other scientists within the collaboration. Thus, it seems that, of the single conditions, 
stvle of decision-making is the best predictor of trust among colleagues within the collaboration. 
However, it is hard to say whether consensual decision making contributed to the building of 
trust, or prior trust facilitated making decisions by consensus, since in most collaborations pre­
existing relationships were strong.
Trust toward project management was, like trust toward other researchers in the 
collaboration, generally quite high—only six out of twenty-three collaborative projects 
experienced a relatively low degree. None of the structural typologies was able to significantly 
associated with trust toward project management. The following causal variables turned out to
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be the most promising using QCA: division of authority, sector, number of organizations, style of 
decision-making, and conflict between researchers and project management. Fifteen of thirty- 
two possible logical configurations occurred empirically before minimization of the summary truth 
table (Table 70).
Table 70: Truth Table for Five Causes of Trust towards the Project Management
Causal Configuration3 Outcome3 0 Cases 1 Cases
1 2 3 4  5 6 Freq Pet Freq Pet
1 0 0 1 0 0 1 16.67 0 0.00
1 1 0  0 1 1 0 0.00 2 11.76
0 1 0  1 0 1 0 0.00 1 5.88
1 1 1 0  0 1 0 0.00 3 17.65
0 0 1 0 0 1 0 0.00 1 5.88
0 1 1 0  0 1 0 0.00 5 29.41
1 0 0 0 0 1 0 0.00 2 11.76
1 0 0 1 1 1 0 0.00 1 5.88
0 1 1 1 0 0 1 16.67 0 0.00
1 1 0 0 0 0 1 16.67 0 0.00
1 1 1 0  1 0 1 16.67 0 0.00
0 1 0  0 0 1 0 0.00 1 5.88
1 1 1 1 0 1 0 0.00 1 5.88
1 1 0  11 0 1 16.67 0 0.00
0 0 0 0 0 0 1 16.67 0 0.00
Totals 6 100.02c 17 99.98'
3 1=DIVAUTO (division of authority), 2=SECTOR (sectoral composition), 3=NUMORG (number 
of organizations—1=large, 0=small), 4=DECMAK (style of decision-making), 5=MGMDISAG  
(conflict between researchers and the project management-1 =yes, 0=no). 
b The outcome variable is TRUSTMGM (trust toward the project management): 1="high," 
0="low."
c Different from 100.00% due to rounding.
Two of nine primitive expressions that cover collaborations with high trust toward project 
management account for almost half of these projects. Multi-institutional collaborations with a 
low trust toward project management do not exhibit clearly-defined patterns. There is one 
configuration of conditions that produces the "low trust" outcome for each of five projects in that
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category. Applying the Quine-McCluskey algorithm for munimization of the truth table results in







The second combination of causal variables characterizes six projects: no division 
between intellectual and administrative authority, large number of organizations, consensual 
decision-making, and no conflicts between researchers and project management. These 
projects are: 3mm. Radio Astronomy, Angiography Diagnostics, Advanced Light Source 
Beamline Collaboration, Sagittarius A, National Digital Mammography Development Group, and 
Smart Materials Consortium. Collaborations with high trust are not field-specific, except for the 
fact that none of the telescope-building ground-based astronomy projects and none of the 
computer-centered ones are represented. The second most common combination of causes 
that results in high trust towards leadership of the collaborative project is the first conjuncture- 
well-defined division of authority, multisectoral composition, large number of organizations, and 
lack of conflict with project management. It covers four out of seventeen collaborations, or 
23.53%. From the individual input variables, style of decision-making and conflict between 
researchers and project management are the best predictors. More specifically, consensual 
decision-making and lack of conflict with project management are observed in 14 out of 17 
collaborative projects with high degree of trust toward the leadership. However, we should bear 
in mind that in qualitative comparative analysis the cases are viewed holistically, and it is the 
combination of conditions producing a particular outcome that matters. Even so, it could be 
convincingly argued that these two causal variables are instrumental in explaining high trust 
toward the project management, since in only one out of seventeen projects where researchers
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trusted leadership to a great extent were both hierarchical style of decision-making and conflict 
with the management present.
5.2.2 Conflict
All social formations that involve ongoing resource use, even those that involve only
prestige, have the potential for conflict. Conflict is an inherent element of organizations because
the bases of conflict such as functional differentiation between subunits, heterogeneity of the
staff, styles of supervision, form of power, the reward system, and so on, are part of the
organizational system (Hall 1977). As organizations sui generis multi-institutional collaborations
are not devoid of disagreements, contentions, and conflict. From a sociological point of view,
conflicts are especially interesting because they provide insight into the dynamics of social
cohesion in the collaboration, as well as what this might be due to. Conflicts may arise not only
in negotiations for resources, but differences in technical approaches, research priorities, task
dependencies, the allocation of credit, and timelines for the completion of work. Schedules,
coordination of activities and meeting deadlines sometimes become a source of tension and
conflicts between teams. That was stressed by one participant in the Astrophysical Research
Consortium when she was asked what particular issues were subject to disagreements:
It was mainly not the formal design, or this or that. I think we all eventually made our 
compromises and stuff. It was about time scales and progress. Somebody would seem 
to not be doing their jobs, so to speak, this way and that way and the other way, and 
that's what caused the disagreements or hard feelings. (Interview with a scientist from 
the Astrophysical Research Consortium)
This situation frequently arose from the division of labor. For example, the same 
interviewee went on to say that one of the collaborating organizations (University of Chicago) got 
involved in the Center for Astronomy and Astrophysics in Antarctica simultaneously with the 
ARC project. At times, the astronomers and astrophysicists from that organization considered 
this other project more imperative, which led to delays in their commitments to ARC.
Disagreements can be both disruptive and stimulating for the social fabric of 
interorganizational formations (Assael 1969; DiStefano 1984; Alter 1990). In multi-institutional
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scientific collaborations, conflict is not necessarily associated with negative outcomes. The 
positive functions of social conflict are well known and have been, if anything, more obvious in 
STS, given the importance of intellectual contention in both positivist and constructivist accounts 
of science. But the macro-structure of conflict within scientific disciplines cannot be understood 
without first describing the micro-structure of conflict within projects that generate fundamental 
directions fora field (Knorr-Cetina 1995).
Overall, conflicts within the collaborations in our sample were uncommon. In most 
cases they were not serious, as shown by the frequency distributions. This could be due to the 
high degree of trust and the selection of successful collaborations, where one might expect to 
find fewer problems. Analysis of variance made it clear that there were no significant differences 
between cluster means on the specific issues over which there were some disagreements. This 
is not, however, true for degree of conflict between categories of people within the multi- 
institutional collaboration.
Table 71: Descriptive Statistics for Seriousness of Disagreements between 




TECHCLU4 1.00 7 2.8571 .4756 .1798
2.00 5 2.8000 .8367 .3742
3.00 5 2.0000 1.0000 .4472
4.00 5 1.6000 .5477 .2449
Total 22 2.3636 .8616 .1837
The first such kind of conflict was between teams. Only one relationship involving 
conflict between teams was significant: between conflict and technological type. Table 71 above 
summarizes the descriptive statistics for this relationship.
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The table demonstrates that the highest degree of conflict between teams is observed in 
the first type of collaboration (managerial), and the lowest in type 4 (routine). At the same time 
these two groups seem to be characterized by greatest homogeneity (indicated by the low 
standard deviations or dispersion in comparison with the other two types). The omnibus test for 
overall differences of the four mean scores yielded a statistically significant relation between the 
two variables of interest50 indicating that the four types came from populations with different 
means.51 Next, the multiple comparisons test for unequal group sizes provides evidence that the 
only statistically significant contrast is between MICs from type 1 and those from type 4. The 
possible pairwise contrasts between the four types and their significance levels are summarized 
in Table 72.
Cluster 1 projects (managerial) have significantly higher conflict than Cluster 4  
collaborations (routine). We already know what MICs fall into type 1. It will be useful to list the 
multi-institutional collaborations that constitute type 4. These are: Advanced Light Source 
Beamline Collaboration, CPIMA, Materials Partnership for Hybrid Organic-Inorganic 
Semiconductors, the Digital Mammography Group and Smart Materials Consortium. In a certain 
sense the managerial and the routine types are the clearest opposites. W e are already familiar 
with the distinguishing characteristics of managerial collaborations. Projects that belong to type 
4 (routine) tend to be quite distinct from the other three types, since in none of the routine
50F(3,18)=4.0, p<05.
51The magnitude of the association between degree of conflict between teams and 
technological type of collaboration is given by q2, which equals .41. To put it in a different way, 
41% of the dispersion in seriousness of disagreements between teams can be accounted for by 
its association with technological type.
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Table 72: Multiple Comparisons for Seriousness of 






d-J) Std. Error Sig.
1.00 2.00 5.714E-02 .422 .999
3.00 .8571 .422 .214
4.00 1.2571* .422 .037
2.00 1.00 -5.71 E-02 .422 .999
3.00 .8000 .456 .326
4.00 1.2000 .456 .073
3.00 1.00 -.8571 .422 .214
2.00 -.8000 .456 .326
4.00 .4000 .456 .817
4.00 1.00 -1.2571* .422 .037
2.00 -1.2000 .456 .073
3.00 -.4000 .456 .817
*• The mean difference is significant at the .05 level.
collaborations did researchers check the accuracy of each other's results. Other characteristic 
features are medium instrumental orientation, low innovation, and medium technological 
management. The relative lack of conflict between teams in MICs from this group can then be 
attributed to at least two factors: they were not so equipment-oriented as types 1 and 2, and they 
did not need to check results within the collaboration, which eliminates a possible source of 
conflict between teams. So far as managerial collaborations are concerned, the relatively 
planned development of instruments is not associated with lack of conflict. Rather, attempts to 
maintain high levels of control may themselves generate difficulties.
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Qualitative comparative analysis demonstrated that the following causal conditions are 
the best predictors of conflict between teams: formal contracts, size, number of organizations, 
length to funding, and style of decision-making. This set of causes produced the most 
parsimonious solution for a comparatively small number of contradictory outcomes. The 
summary truth table for this model is reproduced in Table 73.
Table 73: Truth Table for Five Causes of Conflict between Teams
Causal Configuration3 







1 1 0  11 1 0 0.00 2 20.00
1 1 0 0 0 1 0 0.00 2 20.00
1 0 0 0  1 0 1 7.69 0 0.00
1 1 1 0 0 0 2 15.38 0 0.00
0 0  1 0 0 0 3 23.08 0 0.00
1 0  1 0  0 1 0 0.00 1 10.00
0 0 1 1 1 1 0 0.00 1 10.00
1 0  1 1 0 0 1 7.69 0 0.00
1 1 0  1 0 c 1 7.69 1 10.00
0 1 1 1 0 1 0 0.00 1 10.00
0 0 0 0 0 0 1 7.69 0 0.00
1 0 0 1 0 0 1 7.69 0 0.00
1 1 1 1 0 0 1 7.69 0 0.00
0 0 1 1 0 0 1 7.69 0 0.00
0 1 1 1 1 0 1 7.69 0 0.00
1 0 0 1 1 1 0 0.00 1 10.00
0 1 0  1 0 1 0 0.00 1 10.00
Totals 13 99.98c 10 100.00
a 1=CONTRACT (written contracts), 2=SIZE (size, measured by number of participants), 
3=NUMORG (number of organizations), 4=LTOFUND (length to funding), 5=DECMAK (style of 
decision-making).
b The outcome variable is BTDISAG (conflict between teams): 1="yes," 0="no," c=contradictory 
outcome.
c Less than 100.00% due to rounding.
Disregarding one combination of conditions that leads to a contradictory outcome, seven 
causal configurations are associated with occurrence of conflicts between teams, and nine are
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associated with absence of such conflicts. There is no single pattern to which more than 20% of
the projects with disagreements between teams conform.
Minimization of the truth table resulted in a solution of five configurations that describe
the causal pattern conducive to conflict between research teams:
BTDISAGR=CONTRACT*numorg*LTOFUND*DECMAK+ 
contract*S IZE*LTOFUN D*decmak+ 
contracf*size*NUMORG*LTOFUND*DECMAK+
CONTRACT*size*N U MORG*ltofund*decmak+ 
CONTRACT*SIZE*numorg*ltofund*decmak.
The first conjuncture-written contracts, few organizations, long period to funding, and
hierarchical decision-making-leads to one third of the disagreements between teams, emerging
as the most common pattern. The collaborations that follow this model are the Astrophysical
Research Consortium, Keck Telescope, and the Upper Atmospheric Research Consortium. The
second most widespread causal conjuncture involves the presence of written contracts, many
participants, few organizations, short period to funding, and consensual decision-making. The
two MICs in this group are the Science and Technology Center for Superconductivity and the
Radiology Diagnostic Oncology Group. These two combinations of causal conditions account
for 55.56% of all collaborations with conflicts between teams.
Projects that did not have any serious disagreements between participating research







The largest number of cases without conflicts between teams-exactly one third-is
covered by the third combination of causes: lack of formal contracts, small size, short period to
funding, and consensual decision-making. All these features are typical of smaller projects,
where the collaborators knew each other before they embarked on a cooperative venture and
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trusted one another. These results corroborate previous findings that small size and pre-existing 
relationships reduce conflict between research groups (Schild 1997).
In general conflicts between junior and senior members in multi-institutional 
collaborations were not pronounced. The degree of conflict between junior and senior members 
is, on average, much lower than that between teams. Disagreements between junior and senior 
members of the collaboration were significantly affected by the multidimensional seven-variable 
cluster membership. The means and standard deviations for the four clusters on seriousness of 
disagreements between junior and senior participants are reported in Table 74.
Table 74: Descriptive Statistics for Seriousness of Disagreements 
between Junior and Senior Members by Multidimensional 
Seven-Variable Cluster Membership
Std.
 N Mean Deviation Std. Error
A LL7CLU4a 1.00 4 1.5000 .5774 .2887
2.00  8 1.1250 .3536 .1250
3.00 5 1.0000 .0000 .0000
4.00  5 1.8000 .4472 .2000
Total 22 1.3182 .4767 .1016
a - ALL7CLU4=Multidimensional Seven-Variable Cluster Membership
Multi-institutional collaborations from type 3 have the lowest reported conflict between 
junior and senior members. There is no variation, which means that none of the collaborations 
from this group had such conflicts. Possible significant contrasts might involve types four, three, 
and two.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
213
The omnibus ANOVA test led to rejection of the null hypothesis of no differences 
between types.52 The strength of the relationship between seriousness of disagreements 
between junior and senior participants and multidimensional seven-variable cluster membership 
as denoted by eta squared shows that 44% of the variance in disagreements is explained by 
cluster membership.
Table 75: Multiple Comparisons of Seriousness of 
Disagreements between Junior and Senior Members by 
Multidimensional Seven-Variable Cluster Membership
Mean
(I) (J) Difference
ALL7CLU4 ALL7CLU4 d-J) Std. Error Siq.
1.00 2.00 .3750 .236 .409
3.00 .5000 .259 .250
4.00 -.3000 .259 .659
2.00 1.00 -.3750 .236 .409
3.00 .1250 .220 .940
4.00 -.6750* .220 .030
3.00 1.00 -.5000 .259 .250
2.00 -.1250 .220 .940
4.00 -.8000* .244 .020
4.00 1.00 .3000 .259 .659
2.00 .6750* .220 .030
3.00 .8000* .244 .020
*■ The mean difference is significant at the .05 level.
52The F ratio of 4.7(3,18), which tests the null hypothesis that all samples (groups) came 
from the same population, i.e. that there are no significant differences among means, exceeds 
the critical value of the test statistic at p=.05. This means that the systematic variations across 
types of collaborations on degree of conflict between junior and senior members outweigh the 
random errors for that many degrees of freedom. Thus, we have to accept the alternative 
hypothesis that mean differences reflect the fact that the samples were drawn from different 
populations.
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Finally, the results of the modified Tukey HSD multiple comparisons test show that two 
contrasts are significant—between type four (interdependent collaborations) and type two 
(multisectoral collaborations), on the one hand, and between type four and type three (small 
informal collaborations), on the other. In both cases projects from group 4 have higher conflict 
between the two categories.
For a more substantive interpretation of these findings we must look at cluster 
membership and characteristics. The following multi-institutional collaborations belong to the 
interdependent class (type 4): RDOG, CPIMA, BNL E-814 and E-877, CRPC and BIMA. Type 3 
(the small informal type), which has the greatest mean difference with type 4, includes Grand 
Challenge Cosmology Consortium, 3mm. Radio Astronomy, Crystal Structure of CTA and CTP, 
Sagittarius A and UARC. This cluster is dominated by ground-based astronomy projects using 
existing facilities and by computer-centered collaborations. The juxtaposition of the two types 
reveals the following picture. Interdependent collaborations are university-instigated, large, with 
high administrative management, low instrumentation independence, medium-high 
communication openness, and low instrumental orientation. They are of central interest to the 
main participants to a high degree. Small informal collaborations, on the other hand, are equally 
instigated by universities and by multiple sectors. As their label suggests, these projects are 
small, with low administrative bureaucracy, high instrumentation independence, low degree of 
commitment of the main collaborators, extremely low communication openness (public visibility), 
and low equipment orientation. Thus, it appears that the larger and the more formally organized 
an MICs is, the more likely it is to have conflicts between junior and senior members. Type two 
projects (the multisectoral collaborations) are very similar to the third type in their origins, 
magnitude and organizational characteristics.53
53Since there was too little variation in conflict between junior and senior collaborators to 
meaningfully dichotomize it as an outcome variable, QCA was not performed.
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Overall the degree of conflict between scientists and engineers in multi-institutional 
collaborations in phase III was low. Nevertheless, there were some disagreements between 
these two categories of participants. As expected, such disagreements occur in projects with 
greater focus on instrument building and testing. Two of the possible ANOVAs with 
disagreements between scientists and engineers as a dependent variable proved to be 
significant: with magnitude and with the multidimensional typology.
The descriptive statistics for severity of conflict between scientists and engineers and 
the magnitude typology are presented in Table 76.
Disagreements between scientists and engineers were greatest in projects from the first 
type (long collaborations), and virtually absent in type 3 collaborations (small projects). The 
latter group is most homogeneous (the standard deviation is zero) among all three groups.
The general test for the difference between the three group means leads to the rejection 
of the null hypothesis of no significant mean differences.54 This relationship is moderately
Table 76: Descriptive Statistics for Seriousness of Disagreements 
between Scientists and Engineers by Magnitude Cluster 
Membership
Std.
N Mean Deviation Std. Error
M AG CLU3 a 1 5 2.1000 .7416 .3317
2 10 1.3000 .5375 .1700
3 5 1.0000 .0000 .0000
Total 20 1.4250 .6544 .1463
a - M AG CLU3=Magnitude cluster membership
^The observed F ratio exceeds the critical value for the degrees of freedom in our 
sample at p=.05. Therefore, we must reach the conclusion that the systematic error component 
outweighs the random error component, or in other words, that magnitude type of collaboration 
significantly affects disagreements between scientists and engineers.
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strong, as 41% of the variance in conflict is explained by magnitude cluster membership. The 
multiple comparisons procedure showed that two of three contrasts are statistically significant. 
More specifically, group one collaborations have a significantly higher conflict between scientists 
and engineers than both groups two and three.
Table 77: Multiple Comparisons for Seriousness of 
Disagreements between Scientists and Engineers 










1 2 .8000* .291 .035
3 1.1000* .336 .012
2 1 -.8000* .291 .035
3 .3000 .291 .568
3 1 -1.1000* .336 .012
2 -.3000 .291 .568
*■ The mean difference is significant at the .05 
level.
Cluster one MICs are lengthy projects, including the Astrophysical Research 
Consortium, Keck Telescope, Hobby-Eberly Telescope, Dupont-Northwestern-Dow CAT, and 
UARC. This type is dominated by telescope-building, ground-based astronomy projects. The 
differentiating characteristics of type one are: few organizations, long period between conception 
and funding, and long duration from funding to first publication of results. What seems to 
contribute most to the degree of conflict between scientists and engineers are two factors. The 
first is active involvement of engineers in instrument design and construction (like telescope-
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
building). The second is probably duration both from original idea to funding and from funding to 
publication of results. Thus, while it took less than two years for MICs from types two and three 
to get funding, it took five years on average for projects from the first type to be funded. 
Publication in collaborations of type one took even longer—six and a half years on average. 
Delays during the construction phase or to get equipment running according to desired 
specifications are likely to cause difficulties between scientists and engineers.
The second statistically significant association involving disagreements between 
scientists and engineers was with the multidimensional typology. The initial statistics for 
conducting analysis of variance to test this relationship are summarized in Table 78.
Most serious disagreements between the two kinds of participants are observed in type 
one collaborations (large and formal). The greatest difference in mean scores is between type 
one (large formal projects) and type three (small informal projects). The first type of 
collaborations exhibits the most serious disagreements between scientists and engineers. The
Table 78: Descriptive Statistics for Seriousness of Disagreements between 
Scientists and Engineers by Multidimensional Seven-Variable Cluster
Membership
Std.
N Mean Deviation Std. Error
1.00 4 2.3750 .4787 .2394
2.00 7 1.2143 .3934 .1487
3.00 4 1.0000 .0000 .0000
4.00 4 1.3750 .7500 .3750
Total 19 1.4474 .6645 .1524
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mean difference between types 1 and 3 is large, and projects from the third group are uniformly 
low with respect to this kind of conflict.55
The modified Tukey HSD multiple comparisons procedure shows that three out of the six 
possible pairwise contrasts are significant, all involving type one. Large formal collaborations
Table 79: Multiple Comparisons for Seriousness of Disagreements 




ALL7CLU4 ALL7CLU4 (l-J) Std. Error Sig.
1.00 2.00 1.1607* .294 .006
3.00 1.3750* .332 .004
4.00 1.0000* .332 .039
2.00 1.00 -1.1607* .294 .006
3.00 .2143 .294 .884
4.00 -.1607 .294 .946
3.00 1.00 -1.3750* .332 .004
2.00 -.2143 .294 .884
4.00 -.3750 .332 .677
4.00 1.00 -1.0000* .332 .039
2.00 .1607 .294 .946
3.00 .3750 .332 .677
*• The mean difference is significant at the .05 level.
5SThe overall test for differences in sample means shows that a sufficiently large 
proportion of the total variation is explained by the relationship between multidimensional 
clustering and degree of conflict between scientists and engineers. Eta squared for this 
relationship is .58, i.e., 58% of the total variance in seriousness of disagreements between 
scientists and engineers is explained by the association. This is the strongest relationship so far 
for all significant ANOVAs.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
219
(Cluster 1) include the Astrophysical Research Consortium, Keck Telescope, Hobby-Eberly 
Telescope and S&T Center for Superconductivity. These large projects are instigated mainly by 
universities, have high administrative management, and medium instrumentation independence. 
They are not of central interest to the main participants but enjoy high publicity and are heavily 
involved in equipment design and construction. These are almost exclusively ground-based 
astronomy telescope-building projects.
The membership and characteristic features of the other three clusters have been 
described during the analysis of conflict between junior and senior members of the collaboration. 
What stands out here is that the greatest contrast is between types one (large formal MICs) and 
three (small informal MICs). Type 1 collaborations have significantly more serious 
disagreements between scientists and engineers. Since most collaborations in the third type 
involve astronomy projects using existing facilities, the pronounced difference is between the two 
kinds of ground-based astronomy MICs. With regard to the seven basic clustering dimensions 
these two types of collaborations are exact opposites—large, bureaucratic, visible, and 
instrumentally focused ventures (type 1) vs. small, loosely organized, esoteric (hidden from the 
general public) collaborations using already existing facilities (type 3). The first kind of projects 
are most conducive to problems between scientists and engineers, while the third kind are not.56
On the whole, the degree of conflict between researchers and project management was 
highest after that between teams, although on average the seriousness of disagreements with 
management was "not very serious." W e can reasonably expect that most of these 
disagreements occurred over logistics, or organizational matters in general. This seems to be 
largely the case, since this was the only type of conflict significantly associated with the 
organizational typology.
“ QCA results are not reported for conflict between scientists and engineers because of 
the difficulty to properly differentiate between positive and negative outcomes when trying to 
convert the variable to a binary form.
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Table 80 shows the descriptive statistics for the distribution of conflict between 
researchers and project management.
Table 80: Descriptive Statistics for Seriousness of Disagreement 
between Researchers and Project Management by 
Organizational Cluster Membership
Std.
N Mean Deviation Std. Error
O R G C LU 3 a 1.00 11 2.500 .8367 .2523
2.00 6 1.250 .4183 .1708
3.00 5 1.200 .4472 .2000
Total 22 1.864 .9152 .1951
a- ORGCLU3=Organizational cluster membership
The highest degree of conflict between researchers and the management is observed in 
cluster one (the bureaucratic type), and the lowest—in cluster three (the non-bureaucratic type).57 
Tests for individual mean differences between organizational types with respect to conflict 
between researchers and the project management are shown in Table 81.
Two out of three possible individual comparisons are significant (p<.01). Both of them 
indicate that bureaucratic collaborations (type one) have significantly more serious
57The F ratio from the general ANOVA test, which compares the averaged variance 
between categories of the organizational typology with averaged variance within these 
categories, is significant at p<.001. Thus, we can reject the null hypothesis that the group means 
were drawn from one and the same population. In other words, we accept that in the population 
there is a significant relationship between organizational cluster membership and conflict 
between researchers and the project management. This relationship is rather strong with 51% of 
the variance in degree of conflict explained by the organizational characteristics of 
collaborations.
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Table 81: Multiple Comparisons for Seriousness of 
Disagreements between Researchers and Project 







(l-J) Std. Error Sig.
1.00 2.00 1.2500* .343 .005
3.00 1.3000* .364 .006
2.00 1.00 -1.2500* .343 .005
3.00 5.000E-02 .409 .992
3.00 1.00 -1.3000* .364 .006
2.00 -5.00E-02 .409 .992
*• The mean difference is significant at the .05 level.
disagreements with the project management than semi-bureaucratic (type two) and especially 
non-bureaucratic projects (type three). The means of types 2 and 3 are not significantly different 
from each other.
The following collaborative projects belong to Type 1: Astrophysical Research 
Consortium, Keck Telescope, Hobby-Eberly Telescope, S&T Center for Superconductivity, 
Materials Partnership for Hybrid O-l Semiconductors, Smart Materials Consortium, GCCC, 
CRPC, UARC, RDOG, and BNL E-814 and E-877. This category of projects includes all 
computer-centered collaborations, all telescope-building astronomy projects except BIMA, and 
three out of four materials research projects. Further, bureaucratic collaborations have the 
highest average values on all four clustering variables—scientific management, administrative 
management, formalization, and hierarchy. In contrast, non-bureaucratic projects have the 
lowest degree of administrative management, formalization, and hierarchy. This cluster consists
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of the following MICs: 3mm. Radio Astronomy, Sagittarius A, Positron Diffraction and 
Microscopy, Crystal Structure of CTA and CTP, and Angiography Diagnostics. Thus, it includes 
ground-based astronomy projects using existing observational facilities, as well as half the MICs 
from uses of accelerators for materials science research. Interestingly enough, the other half of 
the projects using accelerators to do materials science research are classified as semi- 
bureaucratic collaborations, which also have low conflict between researchers and project 
management. In short, greater formalization, hierarchization, and bureaucracy lead to a greater 
probability of conflicts between researchers and project management. This relationship is partly 
field-specific (materials research and computer-centered collaborations tend to have more 
serious disagreements of that nature) and partly subfield-specific (telescope-building projects 
have higher conflict than ground-based astronomy projects using available facilities; heavy-ion 
physics projects have stronger conflicts as compared to projects from uses of accelerators to do 
materials science).
Before discussing the findings from QCA regarding structural configurations that 
determine conflicts between researchers and the project management, it is interesting that this 
kind of conflict was highly correlated with conflict between teams. Fully 80% of the multi- 
institutional collaborations where there were serious disagreements with the project 
management also experienced between team conflict. Preliminary analysis revealed that a set 
of six input variables yields the most parsimonious solution with only one contradictory 
configuration. The causal conditions that best predicted conflict between researchers and the 
project management were written contracts, a system of rules and regulations, size (number of 
participants), number of organizations, sector, and length to funding. The truth table that 
describes the relationship between these input variables and conflict with the project 
management is presented below.
If we do not consider the configuration that yields a contradictory outcome in terms of 
conflict between researchers and the project management, there are three conjunctures that
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Table 82: Truth Table for Six Causes of Conflict between Researchers and the
Project Management
Causal Configuration3 







1 1 1 0 0 1 c 1 5.56 1 20.00
1 1 1 0  1 0 1 0 0.00 1 20.00
1 1 0  0 1 0 0 1 5.56 0 0.00
1 1 1 1 1 0 0 1 5.56 0 0.00
0 0 0  1 0 0 0 1 5.56 0 0.00
1 0 0 1 1 0 0 1 5.56 0 0.00
1 1 1 0 0 0 0 1 5.56 0 0.00
0 0 0 1 1 1 0 2 11.11 0 0.00
1 1 0  1 1 1 0 1 5.56 0 0.00
1 1 1 0 1 1 0 1 5.56 0 0.00
1 0 1 1 1 0 0 1 5.56 0 0.00
0 1 1 1 1 1 1 0 0.00 1 20.00
0 0 0 0 1 0 0 1 5.56 0 0.00
0 0 0 1 1 0 0 1 5.56 0 0.00
1 1 0 0 1 1 1 0 0.00 2 40.00
1 0 1 0 0  1 0 1 5.56 0 0.00
1 1 1 1 1 1 0 1 5.56 0 0.00
0 0 1 1 1 1 0 1 5.56 0 0.00
0 10  1 1 0 0 1 5.56 0 0.00
0 1 1 0 0  1 0 1 5.56 0 0.00
Totals 18 100.07° 5 100.00
a 1=CONTRACT (written contracts), 2=SYSRULES (system of rules), 3=SIZE (size, measured 
by number of participants), 4=NUMORG (number of organizations), 5=SECTOR (sector), 
6=LTOFUND (length to funding).
b The outcome variable is MGMDISAG (conflict between researchers and project management): 
1="yes," 0="no," c=contradictory outcome. 
c More than 100.00% due to rounding.
lead to conflict, and sixteen that do not. Out of the three combinations of input variables, one 
accounts for half of the projects where there were such disagreements. Boolean minimization of 





Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
224
Conflict between researchers and the project management is a function of lack of formal 
contracts, presence of a system of rules, many participants and participating organizations, 
multisectoral composition, and long period to funding. Alternatively, it may result from the 
existence of formal contracts, presence of a system of rules, few participating individuals and 
organizations, multisectoral composition, and long period to funding. Finally, it may result from 
the existence of formal contracts, a system of rules, large number of participants but few 
participating organizations, multisectoral composition, and short period to funding. The second 
conjuncture occurs in half of the projects that had a somewhat serious or serious disagreements 
between researchers and project management. By and large, qualitative comparative analysis 
failed to reveal any strong patterns for this type of conflict, due to variation in the causal 
conditions. System of rules was the only single input variable that was present in all 
collaborations experiencing conflict between researchers and the project management.
5.2.3 Stress
Scientists engaged in interorganizational research collaborations are often exposed to
high levels of stress for a variety of reasons: complex technological demands, unclear or
changing social arrangements, the need to coordinate geographically dispersed groups, the
clash of interests, ambiguity in the distribution of authority, and the pressure to perform
according to the expectations of funding agencies, as well as time constraints. The last factor is
especially important, giving rise to "existential worries," since time is a critical resource in
working together (Zabusky 1995). In many cases the degree of stress induced by schedules and
deadlines is higher than in routine academic settings. This is mainly due to the greater pressure
from funding agencies and participating institutions on research teams and individual participants
to deliver tangible results not only within a fixed budget, but within a fixed time table. Here is
how one of our informants discussed the stress from time pressure in his collaborative project:
Well, compared to an academic department I'd say it's night and day. This was 
a project; this was an industrial situation, if you will, where there were real 
schedules. And you might fail to meet them, but it was completely unambiguous
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what they were, and if you failed to meet them, you'd better have a good reason 
for it or you'd get chewed out. Academia doesn't work that way at all. Academia 
is much more democratic, touchy-feely, "yeah, we think we want to do that; let's 
think about it; we'll get back to you when we've got it worked out". (Interview with 
the scientific leader of the Keck Telescope)
Overall, the degree of stress induced by deadlines was somewhat higher in multi- 
institutional collaborations than in a typical academic department. Since most collaborations in 
our sample were involved in equipment design, building, and subcontracting, they had to operate 
within fairly strict schedules and deadlines, which put pressure on scientists, engineers, 
managers, postdocs, and graduate students to coordinate their efforts in order to meet these 
deadlines. It comes as no surprise that the only classification significantly associated with stress 
due to time pressure was technological practice.
Table 83 clarifies the distribution of degree of stress within technological types. Multi- 
institutional collaborations from cluster 1 (managerial) demonstrate the highest degree of stress 
induced by deadlines, while those from cluster 4 (routine) have the lowest.






1.00 7 2.7857 .3934 .1487
2.00 5 2.6000 .5477 .2449
3.00 5 2.2000 .8367 .3742
4.00 5 1.8000 .4472 .2000
Total 22 2.3864 .6534 .1393
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These two groups of projects are the most homogeneous in terms of such stress (lowest within- 
group standard deviations).58
The modified Tukey multiple comparisons procedure revealed one significant pairwise 
contrast, between types one and four. Type one (managerial) collaborations have significantly 
higher stress caused by deadlines than type four (routine) collaborations. Since the 
distinguishing characteristics of the two types were discussed earlier, they are not repeated
Table 84: Multiple Comparisons of Stress Caused by Deadlines 





(l-J) Std. Error Sig.
1.00 2.00 .1857 .330 .942
3.00 .5857 .330 .318
4.00 .9857* .330 .036
2.00 1.00 -.1857 .330 .942
3.00 .4000 .357 .682
4.00 .8000 .357 .150
3.00 1.00 -.5857 .330 .318
2.00 -.4000 .357 .682
4.00 .4000 .357 .682
4.00 1.00 -.9857* .330 .036
2.00 -.8000 .357 .150
3.00 -.4000 .357 .682
*• The mean difference is significant at the .05 level.
58The omnibus analysis of variance test shows that not all the group means are equal in 
the population (F(3,18)=3.39, significant at p<.05). For the relationship between technological 
practice and stress induced by deadlines, 36% of the variation in stress is explained by cluster 
membership.
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here. The greater reported stress induced by deadlines in managerial projects is largely due to 
their higher central management of topics and results checking as compared to the routine type.
Another contributing factor is technological innovation, which, we might recall, is an 
index combining advance in the state-of-the-art, problematic results due to time pressure, and 
topic segmentation. The degree of innovation-hence, the stress and anxiety associated with it -  
was substantially higher in managerial than in routine interorganizational projects.
QCA of stress as an outcome variable started out with twelve breakdown variables as 
input conditions, and proceeded with diminishing number of causes till a fairly parsimonious 
solution was reached.S9 This solution incorporated the following input variables: system of rules 
and regulations, size (number of participants), length to funding, and style of decision-making. A 
further reduction of the predictors resulted in unacceptably high number of contradictory 
configurations. Therefore, the optimal model was deemed to be the one that treats stress as a 
function of these five conditions. The summary truth table for this model is given below (Table 
85).
Even the superficial inspection of the truth table demonstrates no readily discernible 
pattern that accounts for a large portion of positive or negative outcomes. If we exclude the 
contradictory configurations, we end up with six primitive Boolean expressions that lead to 
incidence of high stress and nine primitive expressions that lead to low level of stress. In both 
cases there is only one conjuncture that covers more than one observation for a particular 
outcome. Thus, one conjuncture is related to 37.5% of the "high stress" outcomes, and one is 
associated with 22.22% of the "low stress" outcomes. In addition, the fairly large number of 
contradictory outcomes speaks of a poorly defined underlying causal structure.
59For qualitative comparative analysis, "degree of stress caused by deadlines" was 
recoded in binary form with 1 denoting "high stress", and 0-"low stress." About half of the multi- 
institutional collaborations in our sample reported high levels of stress induced by tight timelines 
as compared to an academic science department.
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Table 85: Truth Table for Five Causes of Stress Caused by Deadlines
Causal Configuration3 Outcomeb 0 Cases 1 Cases
1 2 3 4 5 6 Freq Pet Freq Pet
1 1 0  11 c 1 8.33 1 9.09
1 1 0 0 0 c 1 8.33 1 9.09
1 0 0 0  1 1 0 0.00 1 9.09
1 1 1 0 0 0 1 8.33 0 0.00
0 0 1 0 0 1 0 0.00 3 27.27
0 0 1 1 1 1 0 0.00 1 9.09
10  1 1 0 0 1 8.33 0 0.00
1 1 0  1 0 0 2 16.67 0 0.00
0 1 1 0  0 0 1 8.33 0 0.00
1 1 1 1 0 c 1 8.33 1 9.09
0 0 0 0 0 0 1 8.33 0 0.00
1 0 0 1 0 0 1 8.33 0 0.00
0 1 0  1 0 1 0 0.00 1 9.09
0 0 1 1 0 0 1 8.33 0 0.00
0 1 1 1 1 1 0 0.00 1 9.09
1 0 0 1 1 1 0 0.00 1 9.09
1 0  1 0 0 0 1 8.33 0 0.00
Totals 12 99.97= 11 99.99'
3 1=SYSRULES (system of rules), 2=SIZE (size, measured by number of participants), 
3=NUMORG (number of organizations), 4=LTOFUND (length to funding), 5=DECMAK (style of 
decision-making).
b The outcome variable is STRESS (stress caused by deadlines): 1="high," 0="low," 
c=contradictory outcome. 
c Less than 100.00% due to rounding.
The simplification of the truth table by applying the Quine-McCluskey algorithm produces





The last combination of causes characterizes over one third of the cases: absence of
well-established system of rules, small size, many organizations, short period to funding, and
consensual decision-making. The three multi-institutional collaborations that conform to this
configuration of input conditions are: the 3 mm. VLBI, Sagittarius A, and the Angiography
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Diagnostics project. The first and the second causal conjunctures lead to two positive outcomes 
each, a combined 50% of the collaborations experiencing high stress without taking into account 
the contradictory outcomes.
5.3 Documentary Practice
The role of accounts as explanations of social behavior and social events has long been 
recognized in sociology (Orbuch 1997). The reconstruction of such accounts depends heavily 
on the preservation of written documents. Documentary practice is the generation and 
preservation of inscriptions. It is essential for the work organization of multi-institutional 
collaborations. In the form of artifacts such practice also constitutes the "social memory" of 
collaborations in science. Communication demands are intense among large projects involving 
multiple organizations, requiring both informal and formal means of communication. Given the 
resources involved and the complexity of projects, massive documentation in the form of notes, 
memoranda, proposals, plans, minutes, blueprints, analysis, and drafts must be transferred 
among teams long before published results begin to appear. Such documentary practice is not 
the "detritus" of science but the very stuff of its construction, the backbone of its work 
organization (Latour 1987). The production of inscriptions is significant for the process of 
collaboration long before the outside scientific community can begin to assess and absorb the 
results of the project.
This section focuses on two important measures of documentary routines—quality of 
core records60 and dispersion of core records.61 Quality of records, estimated by professional 
archivists at AIP, measures the degree to which core documents can be used as reliable 
sources of information about the social and technological processes that took place in 
interorganizational scientific projects. The extent to which these records are dispersed, on the
“ Quality of records was coded on an ordinal scale: 1=low, 2=medium, 3=high.
61 Dispersion of records was measured on a continuous scale as "number of locations at 
which core records are being kept."
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other hand, is an indicator of project centralization as well as the degree to which accounts of the 
collaboration may be reconstructed by historians and archivists (Wamow-Blewett 1997).
Quality of records was generally high, although there was some variability. Two 
significant associations out of eight possible relationships with the typologies were discovered. 
The first of these involved quality of records as a function of the organizational typology.
Average quality of records by organizational type is summarized in Table 86.
Table 86: Descriptive Statistics for Quality of Records by Project Organization
Cluster Membership
Std.
N Mean Deviation Std. Error
ORGCLU3 1.00 11 2.8182 .4045 .1220
2.00 6 2.5000 .8367 .3416
3.00 5 1.6000 .8944 .4000
Total 22 2.4545 .8004 .1707
The first organizational type of multi-institutional collaborations has, on average, the 
highest quality of records and is the most homogeneous with respect to that characteristic. The 
mean difference is largest between the first and the third organizational clusters.
The omnibus test for the overall difference among the three mean scores generated a 
significant association between organizational type and quality of records.62 Thirty-eight percent 
of the variation in quality of records is explained by project organization cluster membership.
“ The F ratio is significant at p<.05, meaning that the mean square between 
organizational types is sufficiently large as compared with the mean square within organizational 
types to conclude that groups of MICs that differ in their organization affect the quality of records 
created and retained by these collaborations.
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Having established a significant relation between records quality and organizational 
type, the Tukey test for groups of unequal sizes shows that only one of the three pairwise 
contrasts is significant at p<.05.
Table 87: Multiple Comparisons of Quality of Records by 
Project Organization Cluster Membership
Mean
(!) (J) Difference
ORGCLU3 ORGCLU3 (l-J) Std. Error Sig.
1.00 2.00 .3182 .336 .618
3.00 1.2182* .357 .008
2.00 1.00 -.3182 .336 .618
3.00 .9000 .401 .089
3.00 1.00 -1.2182* .357 .008
2.00 -.9000 .401 .089
*• The mean difference is significant at the .05 level.
Projects of organizational type 1 (bureaucratic collaborations) have better records than 
those of type 3 (non-bureaucratic collaborations). The first organizational type is comprised of 
telescope-building ground-based astronomy projects, all of the computer-centered 
collaborations, and most of the materials research projects. These MICs had high administrative 
and scientific management, as well as high formalization and hierarchy. In contrast, non- 
bureaucratic projects had low administrative management, formalization, and hierarchy. This 
type was represented mainly by ground-based astronomy collaborations that used existing 
facilities. In short, the relationship is in the predicted direction, i.e. that greater bureaucracy and 
formalization would be associated with better records.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
232
Quality of records was also affected by the multidimensional seven-variable typology.
The descriptive statistics for this bivariate relation are displayed in Table 88.
Table 88: Descriptive Statistics for Quality of Records by Multidimensional 
Seven-Variable Cluster Membership
Std.
N Mean Deviation Std. Error
1.00 4 3.0000 .0000 .0000
2.00 8 2.3750 .7440 .2631
3.00 5 1.6000 .8944 .4000
4.00 5 3.0000 .0000 .0000
Total 22 2.4545 .8004 .1707
Quality of records is highest in collaborations from types one (large formal) and four 
(interdependent), where there is no heterogeneity at all (the standard deviations are zero for both 
groups). The lowest quality of records created and retained is observed in type 3 collaborations 
(small informal).63
Whereas the omnibus test for significant variation in the mean values for quality of 
records across all four groups proves that there are such variations, we need to proceed with the 
multiple comparisons procedure to find out what these differences really are. The next table 
summarizes the results of the Tukey HSD multiple comparisons test.
“ The test for overall significance of the difference among the four means demonstrated 
that indeed we have to accept the research hypothesis that collaborations from the four groups 
came from populations with different mean scores on quality of records. The F ratio of 
5.41(3,18) is significant at p<.01, indicating that the systematic variability in quality of records is 
sufficiently larger than the random variability in quality of records, or in other words that records 
quality is related to the multidimensional seven-variable cluster membership. This relationship is 
fairly strong (q2 = .47). Forty-seven percent of the errors in quality of records are explained by its 
association with the multidimensional typology.
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Table 89: Multiple Comparisons of Quality of Records by 
Multidimensional Seven-Variable Cluster Membership
Mean
(1) (J) Difference Std.
ALL7CLU4 ALL7CLU4 (l-J) Error Sig.
1.00 2.00 .6250 .384 .389
3.00 1.4000* .421 .018
4.00 .0000 .421 1.000
2.00 1.00 -.6250 .384 .389
3.00 .7750 .357 .170
4.00 -.6250 .357 .329
3.00 1.00 -1.4000* .421 .018
2.00 -.7750 .357 .170
4.00 -1.4000* .397 .012
4.00 1.00 .0000 .421 1.000
2.00 .6250 .357 .329
3.00 1.4000* .397 .012
*■ The mean difference is significant at the .05 level.
Since the cluster membership and the characteristics of the four clusters were discussed 
in previous sections, we will focus on some more general typological features that cause the 
differentiation in quality of records. The main field differentiation is between telescope-building 
ground-based astronomy projects (the large formal type) and projects in ground-based 
astronomy that use existing facilities (the small informal type), with the former maintaining 
higher quality records. Collaborations from type one (large formal) and type four 
(interdependent) are similar in their characteristics, but distinct from type three (small informal) 
collaborations. Thus, type one and type four MICs are instigated by the university sector, 
whereas type three MICs are equally instigated by universities and by several sectors.
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Moreover, the two groups with high quality records are large in size, with high administrative 
management, low instrumentation independence, and high publicity. In contrast, projects with 
low records quality have low administrative management, high instrumentation independence, 
and low publicity. In sum, large, centralized, and formally run collaborations with a lot of public 
exposure are more likely to create and preserve records of good quality. This finding is 
consistent with prior research that associates large-scale scientific bureaucracies with large 
volume and quality records (Zabusky 1995).
Judging by the relative importance for archiving of certain variables, QCA was 
performed beginning with seven input conditions: written contracts, division of authority, advisory 
committee, outside evaluation, public attention, system of rules, and administrative leader. Six 
out of seven of these input variables turned out to be significantly associated with quality of 
records at the bivariate level. However, QCA provides a much more sophisticated analysis, 
since it is a multivariate procedure indicating what combinations of these measures result in 
better record-keeping and archiving.64
The optimum solution was reached when only four input variables were left. The test run 
with three independent variables led to four cases having contradictory outcomes (when the 
same combination of conditions leads to two opposite outcomes for two or more cases). 
Therefore, it was decided to retain the four- independent variable solution as the optimum. The 
four variables that best described our data set in terms of quality of records were written 
contracts, advisory committee, system of rules, and administrative leader. For this model the 
summary is shown in Table 90.
“ Crosstabular analysis is not designed to answer this question. Moreover, 
crosstabulation implies joint contingency or covariation and not determination, which is the main 
strength of qualitative comparative analysis.
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Table 90: Truth Table for Four Causes of Quality of Records
Causal Configuration3 Outcome6 0 Cases 1 Cases
1 2  3 4 5 Freq Pet Freq Pet
1 1 1 1 1 0 0.00 8 53.33
1 1 1 0 0 1 12.50 0 0.00
0 0 0 0 0 4 50.00 0 0.00
1 0 0 0 1 0 0.00 1 6.67
1 0  1 0 1 0 0.00 1 6.67
1 0 0 1 0 1 12.50 0 0.00
0 1 1 1 1 0 0.00 3 20.00
10  11 0 1 12.50 0 0.00
1 1 0  1 1 0 0.00 1 6.67
0 1 0  1 0 1 12.50 0 0.00
0 0 0 1 1 0 0.00 1 6.67
Totals 8 100.00 15 100.01°
a 1=CONTRACT (written contracts), 2=ADVISCOM (advisory committee), 3=SYSRULES 
(system of rules), 4=ADLEADER (administrative leader).
b The outcome variable is QUALITY (quality of records): 1="high quality of records," 0="low 
quality of records."
c More than 100.00% due to rounding.
By reducing the number of conditions, fewer configurations account for the outcomes of
all collaborations under investigation. Only six conjunctures lead to high quality records, while
five result in low quality records. The presence of all four conditions accounts for over half of the
projects with high quality records. The combination of the other three input conditions but
without formal contracts covers one fifth of the projects with good records. Thus, these two
configurations embrace over seventy percent of all MICs that maintain records of high quality.
On the other hand, for collaborations with records of low quality, the configuration in which all
four conditions are absent groups exactly half of the cases.
Boolean minimization of the truth table for the outcome "high quality of records"
produces the following solution:
QUALITY=ADVISCOM*SYSRULES*ADLEADER+
CONTRACT*ADVISCOM*ADLEADER+




This equation states that high quality records result from presence of Advisory 
Committee, system of rules, and designated administrative leader, or from presence of written 
contracts, Advisory Committee, and designated administrative leader, or from presence of 
written contracts, absence of Advisory Committee and absence of administrative leader, or from 
absence of written contracts, absence of Advisory Committee, absence of a  system of rules, and 
presence of a designated administrative leader. The first two configurations cover 80% of the 
collaborations that keep records of high quality. One further simplification covers three of the 
remaining four cases—presence of contracts accompanied by absence of a designated 
administrative leader and absence of Advisory Committee, or the co-occurrence of absence of 
contracts, presence of a designated administrative leader, and absence of Advisory Committee.
A final comment about quality of records should suffice. It is fairly obvious that the bulk 
of relevant input conditions are organizational and administrative. These are also the best 
predictors of records quality. For example, the final four input variables measure aspects of 
formalization, hierarchy, and administrative management. High quality of records for most 
collaborations is associated with presence of such attributes, and low quality of records -  with 
their absence. To put it in a different way, greater bureaucratization, formalization, hierarchy, 
and centralization of authority tend to facilitate interest in creation and retention of records in 
multi-institutional collaborations.
The second aspect of record-keeping used in the present analysis is records dispersion. 
Overall, records were kept at an average of two locations. Dispersion of records was less 
predictable from cluster membership than quality of records. Only one analysis of variance-with 
technological type-proved to be significant. This bivariate association is summarized in Table 
91.
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TECHCLU4 1.00 7 1.7143 .4880 .1844
2.00 5 3.6000 1.5166 .6782
3.00 5 2.4000 1.1402 .5099
4.00 5 2.0000 .7071 .3162
Total 22 2.3636 1.1770 .2509
The greatest spread of records is in type two collaborations (decentralized), while the 
least is in type one (managerial). Multi-institutional collaborations from the last two kinds are 
closest to the grand mean value of 2.36 locations where records are being kept.65
Only one pairwise contrast is significant at p<.05. Type two collaborations 
(decentralized) are significantly more dispersed than collaborations from type one (managerial). 
More specifically, records in the former are kept at almost two locations more than the latter. 
The distinguishing dimension between the two types is technological management.
Whereas decentralized collaborations have the lowest degree of management, managerial 
projects have the highest. In other words, there was an extensive management of topics for
65The overall test for the difference between several means came out significant. The F 
statistic for the ratio of the observed systematic variance over the observed random error is 
significant at p<.05. Hence, technological type of collaboration is associated with dispersion of 
records. This effect is moderately strong--eta squared is .39, or 39% explained variance. The 
pairwise multiple comparisons test provides further insight as to which mean differences 
contribute to the association between technological type and dispersion of records.
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Table 92: Multiple Comparisons of Dispersion of Records by 





(l-J) Std. Error Sig.
1.00 2.00 -1.8857* .583 .022
3.00 -.6857 .583 .649
4.00 -.2857 .583 .960
2.00 1.00 1.8857* .583 .022
3.00 1.2000 .629 .260
4.00 1.6000 .629 .087
3.00 1.00 .6857 .583 .649
2.00 -1.2000 .629 .260
4.00 .4000 .629 .919
4.00 1.00 .2857 .583 .960
2.00 -1.6000 .629 .087
3.00 -.4000 .629 .919
*• The mean difference is significant at the .05 level.
analysis and lack of changes in instruments in managerial collaborations, which seems to have 
contributed to the greater centralization of records. Alternatively, lack of topics management and 
frequent changes in instrumentation led to far greater dispersion of records in decentralized 
collaborations.
Several preliminary tests led to the conclusion that the initial set of conditions for QCA 
should include the following eight probable causes: written contracts, division of authority,
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system of rules, seif-evaluation, length to funding, length to publication, designated scientific 
leader, and designated administrative leader.66
It soon became obvious that the resulting multiple conjuncture! causation for 
centralization of records was sufficiently complicated that the results are impractical. Hence, an 
attempt was made to simplify the interpretation by dropping some variables that introduce 
additional variation.67 Reducing the number of input variables, however, introduced the problem 
of contradictory configurations (where one and the same configuration causes a positive 
outcome in one case, and a negative outcome in another. Thus, the optimum balance lay 
between the decreasing number of conditions and the increasing number of contradictory cases. 
Nevertheless, two satisfactory models were selected. The first included the following conditions: 
written contracts, system of rules, length to funding, scientific leader, and administrative leader. 
The summary truth table for this model shows simplification of the number and length of logical 
configurations. Thus, we have nine configurations that produce centralized records, six that lead 
to dispersed records, and one contradictory configuration. Moreover, the first and the fifth 
combination of conditions predict 50% of the collaborations that maintain centralized records.







The first conjuncture applies to about half of all projects. Centralized records are 
created in collaborations with a long period to funding, with a designated scientific leader, and a
Klt is more fruitful to focus the attention on configurations that determine centralization of 
records (those kept in one or two locations), rather than dispersion of these records.
67ln qualitative comparative analysis, unlike multiple regression analysis, we are more 
interested in invariance than in variation.
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Table 93: Truth Table for Five Causes of Dispersion of Records
Causal Configuration3 







1 1 1 1 1 0 5 31.25 0 0.00
1 1 0  11 c 1 6.25 1 14.29
1 1 0 0 1 1 0 0.00 1 14.29
1 1 0  1 0 1 0 0.00 1 14.29
0 0 0  1 0 0 3 18.75 0 0.00
1 0 0  1 0 1 0 0.00 1 14.29
0 0 1 0 0 0 1 6.25 0 0.00
1 1 1 0 0 1 0 0.00 1 14.29
1 1 1 0  1 0 1 6.25 0 0.00
1 0 0 0  1 1 0 0.00 1 14.29
0 1 1 1 1 0 1 6.25 0 0.00
1 0  1 1 1 0 1 6.25 0 0.00
0 0 1 0 1 0 1 6.25 0 0.00
0 0 1 1 1 0 1 6.25 0 0.00
0 1 0  11 0 1 6.25 0 0.00
0 1 1 0  1 1 0 0.00 1 14.29
Totals 16 100.00 7 100.03°
3 1=CONTRACT (written contracts), 2=SYSRULES (system of rules), 3=LTOFUND (length to 
funding), 4=SCLEADER (scientific leader), 5=ADLEADER (administrative leader). 
b The outcome variable is DISPERSION (dispersion of records): 1-'dispersed records," 
0="centralized records," c=contradictory outcome. 
c More than 100.00% due to rounding.
designated administrative leader. The last expression, which states that centralized record­
keeping is caused by the co-occurrence of absence of written contracts, absence of a system of 
rules and regulations, short period to funding, presence of a designated scientific leader, and 
absence of an administrative leader, covers three additional collaborations, or 20% of the 
projects with centralized records. Thus, these two conjunctures account for over 70%  of 
collaborations with centralized archives. Notice that altogether the appointment or informal 
election of a researcher to serve as a scientific leader seems to have greatest effect on 
centralization of records. A comparable positive influence on concentration of records in one or 
two locations is exerted by a longer period of time from the formulation of the original idea of a
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collaboration to funding. Sometimes the presence of one of these causal conditions is combined 
with lack of formal contracts to produce records centralization.
The latter observation is reflected in the reduced model of records centralization. It 
retained four of the previous input variables. Presence of a designated administrative leader 
was excluded, because it least contributes to the parsimonious description of the underlying 
causal pattern. The summarized truth table for the four input-variable model of determination of 
centralization of records shows more contradictory configurations and cases.68 Second, if we 
exclude the contradictory cases for each outcome of dispersion of records, the following picture
Table 94: Truth Table for Four Causes of Dispersion of Records
Causal Configuration3 Outcome15 0 Cases 1 Cases
1 2 3 4 5 Freq Pet Freq Pet
1 1 1 1 0 5 31.25 0 0.00
1 1 0  1 c 1 6.25 2 28.57
1 1 0 0 1 0 0.00 1 14.29
0 0 0  1 0 3 18.75 0 0.00
1 0 0  1 1 0 0.00 1 14.29
0 0  1 0 0 2 12.50 0 0.00
1 1 1 0 c 1 6.25 1 14.29
1 0 0 0 1 0 0.00 1 14.29
0 1 1 1 0 1 6.25 0 0.00
1 0  11 0 1 6.25 0 0.00
0 0  11 0 1 6.25 0 0.00
0 1 0  1 0 1 6.25 0 0.00
0 1 1 0 1 0 0.00 1 14.29
Totals 16 100.00 7 100.02'
3 1=CONTRACT (written contracts), 2=SYSRULES (system of rules), 3=LTOFUND (length to 
funding), 4=SCLEADER (scientific leader).
b The outcome variable is DISPERSION (dispersion of records): 1="dispersed records," 
0="centralized records," c=contradictory outcome. 
c More than 100.00% due to rounding.
S8There are two contradictory configurations and five contradictory cases.
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emerges. There are seven combinations of causes that lead to centralization of records and four
combinations that cause dispersion of records. This is a substantial reduction in the number of
the so-called "primitive" Boolean expressions (the unminimized configurations in the truth table).
Third, most of the cases with centralized record-keeping are covered by the first, fourth, and
sixth primitive expressions. This means that a simpler solution may be reached after
minimization of the truth table.





Thus, centralized record-keeping is caused by a long period to funding and presence of 
a designated scientific leader, or by absence of written contracts and presence of a scientific 
leader, or by absence of written contracts, absence of a system of rules and regulations, and a 
long period to funding of the project. To simplify matters, we can factor the three terms to arrive 
at a simpler equation:
divers=SCLEADER*(LTOFUND+contract)+sysrules*contract*LTOFUND.
The first conditional conjuncture, which combines the first two final prime implicants, 
accounts for 12 out of 14 collaborations with centralized records, if we exclude the contradictory 
cases. This constitutes 85.7%. Hence, we can argue that the combination of designated 
scientific leader and Iona period to funding, or a scientific leader and lack of written contracts 
explain the vast majority of collaborations with centralized records. This probably means that 
responsibilities for retaining records of the collaboration lie mainly with the designated scientific 
leader, especially if it takes longer for the proposal to be approved and funded. The lack of 
written contracts makes teams less concerned about keeping their own archives. The same is 
probably true for the absence of a well-defined system of rules about responsibilities, work, and
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reporting. Alternatively, it seems that written contracts between the lead center and the teams,
the absence of a designated scientific leader, and a short period to funding were conducive to
greater dispersion of records. Thus, the equation for the outcome "dispersed records" after




5.4 The Main Argument Revisited
Two of the major objectives of the present dissertation research have been: 1) to 
discover how classification schemes based on fundamental structural dimensions distinguish 
multi-institutional collaborations in terms of their sociological outcomes, and 2) the determination 
of a single classification scheme that best explains these differential outcomes. Consequently, 
the main argument throughout the preceding discussion has been that there are sufficiently 
strong theoretical reasons to believe that a typology that best predicts consequences of MICs 
would most likely be based on a broad definition of technological practice.
In the present chapter this argument was tested empirically. More specifically, the main 
purpose of Chapter 5 was to try to achieve the two objectives by running a series of one-factor 
analysis of variance models where the structural typologies are treated as factors and the 
specific indicators of five sets of outcomes as criterion variables. The results of these 
procedures are summarized in the table below.
Table 95 clearly demonstrates that the empirical evidence supports the main argument. 
The clustering based on technological practice is superior to other structural dimensions in its 
capacity to provide a classification that relates to outcomes. Clusterings by magnitude and 
organization and management—as well as the seven variable solution—are related to reported 
conflict and documentation. However, only the clustering based on technological practice is
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
244
Table 95: Summary of Analysis of Variance Results
Type of Clustering Outcome Dimensions











Technological Practice X X X X X
7-Variable Clustering XX X
related to each of the five outcome dimensions.69 In fact, it is the only clustering that is able to 
predict success, trust, and stress. The other solutions are at best related to two outcomes, while 
clustering by project formation, participation, interdependence, and communication are unrelated 
to any outcome. Therefore, we conclude that technological practice is the most promising 
dimension for framing a classification of multi-institutional collaborations in science.
69This does not mean, of course, that none of the individual variables that comprise the 
structural dimensions are related to outcomes. Table 95 was generated by running each 
typology against all variables. The same specific indicators are not necessarily related to 
structural typologies. An 'X' in a cell shows that at least one indicator of a given type is related to 
the structural dimension. For example, the five Xs in the third column of the outcome 
dimensions denote the following relationships: the magnitude clustering with conflict between 
scientists and engineers, the organization and management clustering with conflict between 
researchers and project management, the technological practice clustering with conflict between 
teams, the seven-variable clustering with conflict between junior and senior participants, and the 
seven-variable clustering with conflict between scientists and engineers. Likewise, the three Xs 
in the next column stand for the association between the organization and management 
clustering and quality of records, the association between the technological practice clustering 
and dispersion of records, and the association between the seven-variable clustering and quality 
of records.
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The nature of the relationships between technological types of collaboration and the 
dependent measures is complex, and the emerging patterns are not always intuitive. 
Nevertheless, at least one fairly clear-cut contrast in terms of collaboration outcomes appears to 
be the division between managerial and routine projects. Neither of these clusters define 
themselves as particularly successful compared to the other types.70 Where they differ is in such 
interpersonal relations as trust, stress, and conflict. Managerial collaborations have a lower 
degree of trust toward other researchers, higher levels of reported stress, and more serious 
disagreements between teams, while informants from routine collaborations report higher trust 
toward their colleagues, lower degree of stress due to time pressure, and relatively few 
disagreements.
It is logical to infer that technological management is here associated with higher 
conflict, although our data do not allow us to determine whether management practices 
generated these conflicts, or were implemented to reduce them. However, a closer examination 
shows that technological management in and of itself may or may not be positively associated 
with conflict and stress within the collaboration. Thus, the collaborations that comprise the 
decentralized type are not highly managed, yet exhibit higher levels of stress and conflict than 
routine collaborative projects. It seems that this is due to the combination of lack of 
management and frequent changes in instrumentation. Managerial collaborations, which also 
experienced high degrees of conflict and stress induced by deadlines, did not have any changes 
in instrumentation, but like decentralized projects, engaged in results checking. Thus, regular 
checking of the accuracy of each other’s results could be the common denominator of high levels 
checking of the accuracy of each other's results could be the common denominator of high levels 
of conflict and stress.
70Recall that the most successful projects belong to the decentralized type, which is also 
characterized by comparatively high degree of stress and between-team conflicts. Thus, it looks 
like success in multi-institutional collaborations comes "at a price."
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TYPOLOGICAL COMPARISONS ACROSS DIFFERENT FIELDS OF SCIENCE
Ideally, the findings in chapters four and five would be replicated on data from all three 
phases of the AIP study of MICs. However, due to the different focus of the survey in high- 
energy physics, space science, and geophysics,71 comparisons across all three phases of the 
project are problematic. Approximately one third of the variables overlap across all eight fields. 
Most of the outcome measures are missing from the phase I (high-energy physics) and phase II 
(space science and geophysics) summary files. Moreover, there were no fixed-choice 
questionnaire items used in the first two phases. Therefore, comparative analysis can be 
employed on a limited scale. This involves the juxtaposition of fields in terms of their structural 
properties and the development of a multidimensional typology.
Seventeen variables were selected for field comparisons according to their structural 
importance and the quality of information that could be derived from qualitative interviews in 
phase one and two. The means and standard deviations of these measures by field of research 
are displayed in Table 96.
Most multi-institutional collaborations were instigated by several sectors. Ground-based 
astronomy is prominent because the vast majority of collaborations in that area were initiated 
exclusively by the university sector. Two other features of project formation distinguish ground- 
based astronomy. These collaborations utilize pre-existing relationships more than other fields 
and are least likely to use "brokered" relationships. This may be largely due to the fact that this 
is a small community of scientists all of whom are highly connected to their peers. On the other 
end of the spectrum, space science and medical physics base their collaborations on 
"brokerage," and tend not to employ pre-existing relationships. In medical physics and clinical
71 Phases one and two focused on archival rather than sociological questions.
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Table 96: Means and Standard Deviations for Seventeen Variables by Field of Research
Var Field of Research
gba mp mr ccc ua hep ss geo Total
1 .14 .33 1.00 .33 .83 .68 1.00 .88 .68
(.38) (.58) (.00) (.58) (.41) (.48) (-00) (-35) (.47)
2 3.00 2.00 2.50 3.00 2.83 2.74 2.00 2.50 2.63
(.00) (1.00) (1.00) (.00) (.41) (.45) (.63) (.53) (.59)
3 1.14 2.33 1.75 1.33 1.50 1.53 2.33 2.25 1.71
(.38) (.58) (-50) (-58) (.55) (.51) (.52) (.71) (.65)
4 6.43 5.67 5.50 6.33 6.33 6.26 11.50 21.50 8.95
(4.47) (.58) (3-11) (1.15) (3.39) (4.07) (5.75) (17.68) (9.03)
5 6.96 3.33 2.16 3.89 4.48 4.21 7.67 13.43 5.93
(6.46) (.76) (.60) (4.43) (1.75) (3.77) (3.20) (5.00) (4.98)
6 .79 1.00 .75 1.00 1.00 .74 .17 .63 .72
(.39) (.00) (-50) (.00) (.00) (.45) (.41) (.52) (.45)
7 .71 .67 1.00 1.00 .33 .47 1.00 .75 .66
(.49) (.58) (-00) (.00) (-52) (.51) (.00) (.46) (.48)
8 .79 .83 .75 1.00 .67 .89 .83 .63 .80
(.39) (.29) (-50) (.00) (.41) (3 2 ) (.40) (.52) (-38)
9 .36 .33 1.00 1.00 .42 .26 1.00 .63 .52
(.48) (.58) (-00) (.00) (.49) (.45) (.00) (.52) (.50)
10 2.14 1.33 2.00 2.17 2.42 1.89 2.67 2.25 2.11
(1.03) (.58) (.00) (.29) (1.11) (.66) (.82) (.46) (-76)
11 .57 .33 .75 .83 .33 .11 1.00 .38 .42
(.53) (.58) (.50) (.29) (-52) (.32) (-00) (.52) (.49)
12 2.50 2.56 2.75 2.89 2.64 2.37 2.33 2.63 2.51
( .28) (.38) (.17) (.19) (.50) (.50) (.83) (.52) (-49)
13 2.29 3.00 2.50 2.50 2.58 2.63 2.83 2.75 2.63
( .49) (.00) (.58) (.50) (.49) (.50) (.41) (.46) (.48)
14 .43 .33 .25 .33 .33 .47 .83 .63 .48
(.53) (.58) (50) (-58) (.52) (5 1 ) (.41) (.52) (-50)
15 .71 .67 .25 .67 .67 .68 .33 .63 .61
(.49) (.58) (50) (.58) (.52) (.48) (-52) (.52) (.49)
16 .71 .50 .50 .00 .50 .32 1.00 .38 .47
(.39) (.50) (58) (-00) (-55) (.48) (.00) (.52) (.49)
17 .86 .67 .25 1.00 .83 .78 .50 .75 .73
(.24) (.58) (.50) (.00) (.41) (.43) (.55) (.46) (.44)
Notes: Standard deviations are given in parentheses; hep=high-energy physics, ss=space 
science, geo=geophysics; Var=Variables, 1=lnstigating sector, 2=Pre-existing relationships, 
3=”Brokered” relationships, 4=Number of organizations, 5=length, 6=Lead center, 7=Contract, 
8=Scientific leader, 9=System of rules, 10=Decision-making, 11=Division of authority, 
12=lnstrumentation independence, 13=Commitment, 14=lntemational participation, 
15=Communications center, 16=Subcontracting, 17=Data checking.
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medicine this usually results from the application of a new diagnostic or treatment technique on a 
large sample of patients in different locations. Such clinical trials involve geographically 
dispersed organizations that need to coordinate their research and utilize a common protocol. 
Space science, on the other hand, is typically a large-scale endeavor that encourages 
cooperation among various subfields and even several nations (Zabusky 1995).
Several indicators of magnitude were available for all eight fields of research. Data on 
size (number of participants) and cognitive heterogeneity (number of teams) was not specifically 
collected for high-energy physics and space science/geophysics. The two original measures of 
duration used in the third phase—duration from the original idea to funding and duration from 
funding to first publication of results-were combined in an additive index that served as a proxy 
for the overall duration of the project reported in phases I and II.
Geophysics exhibited the greatest institutional diversity with space science close behind. 
In both of these fields this seems to be due to the international nature of cooperative research. 
Geophysical projects are also the longest collaborations. The shortest collaborations, on the 
other hand, were in materials research. This may be an effect of participation and financial 
support by corporate organizations that are more interested in applied science and quick returns 
on investments.
Overall, space science, materials research, and computer-centered research appear to 
be the most bureaucratic fields. All computer-centered projects have a lead center or host 
institution. The same holds true of interorganizational formations using accelerators and medical 
physics. Formal contracts were signed among participating organizations in all collaborations 
from space science, materials science, and computer-centered research. In space science 
written contracts about responsibilities of participating parties reflect both the enormous 
resources involved and the international constitution of the working teams. In materials science, 
contracts were drawn up because of patenting and proprietary considerations. Computer- 
centered collaborations usually had to formalize interrelations among contributing research
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organizations due to the national visibility and continual government funding of these programs 
as externally mandated Science and Technology Centers. The latter is one of the reasons why 
all computer-centered projects had a designated scientific leader. All space science, materials 
research, and computer-centered collaborations had a well-established system of rules and 
regulations about responsibilities, work, and reporting. Again, the above reasons these three 
fields used extensive formal contracts also explain why they had to resort to official systems of 
rules to organize collaborative work.
Decisions on scientific and administrative issues were taken in a hierarchical manner in 
space science projects. This could be an artifact of the national and international significance of 
such collaborations, as well as the high stakes involved in space research. It comes as no 
surprise, then, that space science missions are tightly managed and there is always a clear 
division between intellectual and administrative authority.
Space science and high-energy physics emerge as the two fields in which research 
teams are least autonomous with regard to instrumentation, or, alternatively, units are 
instrumentally interdependent to the highest extent. In space science the interdependence is 
predicated on the need for integration of the measurement equipment that constitutes the 
payload and the spacecraft which has to conform to certain technical specifications (Zabusky 
1995). This integration is normally preceded by long negotiations and compromises between 
scientists and engineers clarifying how instruments "need each other." In high-energy physics 
collaborative experiments typically assemble to take advantage of one of the big accelerators 
located at the three major national laboratories-Brookhaven National Laboratory (BNL), Stanford 
Linear Accelerator Center (SLAC), and Fermi National Accelerator Laboratory (FNAL). The 
proposal submitted to the laboratory's Program Advisory Committee (PAC) usually describes the 
equipment to be used for testing a physical theoretical model or for studying properties of 
elementary particles. Once the proposal is approved, the laboratory closely coordinates the
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placement of the equipment and allocates the beamtime that the collaboration uses to conduct 
the experiment (Traweek 1988).
In general, multi-institutional collaborations are not "peripheral interests" of the 
participating members. Commitment to work on the collaboration was highest in medical 
physics, followed by space science, and geophysics. In medical physics, this probably arises 
from the high publicity and national priority of health research. In space science and geophysics, 
multi-institutional projects were a central interest of the main collaborators because of 
internationalism and the responsibilities that it entails. This conclusion is augmented by the fact 
that international participation was strongest in space science and geophysics. In contrast, 
materials science collaborations were the least international among all fields. Market 
competition, proprietary issues, patenting rights, and legal barriers all play a part in curtailing 
international cooperation in materials research. Sometimes collaborations form specifically as a 
response to an unfavorable trend of diminishing market share of U. S. industry. For example, 
the SEMATECH consortium was established by pooling the resources of fourteen American 
firms in order to restore the lost U. S. market dominance in semiconductor sales (Browning et al. 
1995).
Communication was centralized in sixty-one percent of all multi-institutional 
collaborations. Ground-based astronomy had the largest proportion of cases with a central 
location for incoming and outgoing information. Networking was most decentralized in materials 
research projects, where it typically followed a point-to-point communication pattern.
Subcontracting the design and building of equipment to outside firms and machine 
shops occurred in roughly half of all collaborations in each field. Space science and ground- 
based astronomy were the two fields that contracted out instrument construction most frequently. 
Space science and astronomy both depend on capital-intensive facilities and have been, for 
many decades, examples of "big science." The variety of instruments and apparatuses used in
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these fields is often sophisticated and requires outside technical expertise, which is provided by 
specialized firms.
Subcontracting was lowest in computer-centered projects and in high-energy physics. 
The former do not specifically build hardware, which explains why no subcontracting to outsiders 
took place. The latter do not practice much subcontracting that involves research and 
development outside of national laboratories and universities. Most hardware is built by in- 
house groups, while one outside company—LeCroy Corporation—controls a sizable fraction of the 
shrinking external market for components and instruments for HEP experiments (AIP 1992d).
Most interorganizational scientific formations in the eight fields covered by the AIP study 
checked the accuracy of results obtained by the research teams. This was most pronounced in 
computer-centered research and ground-based astronomy. Teams were least engaged in 
checking each other’s findings in materials research.
Thus far fields of research have been treated as more or less monolithic organizing 
formats for multi-institutional collaborations. However, in light of the typological findings in the 
previous chapters regarding ground-based astronomy, uses of accelerators, materials science, 
medical physics, and computer-centered research, as well as the analysis of dispersion of 
variables within fields, it seems apparent that a more fine-grained approach is needed. Upon 
closer examination, whereas some fields exhibit homogeneity (space science, geophysics), 
others show as much variation within fields as there is among fields (ground-based astronomy, 
HEP). Additional descriptive analysis was performed for the two most heterogeneous fields.
Ground-based astronomy projects were divided into two groups as established in the 
multidimensional typology in chapter four: telescope-building collaborations and facilities-using 
collaborations. The brief comparison of the two subfield groups shows that they differ 
substantially on about half of the seventeen structural variables.72 For example, ground-based
72No formal tests for significance of the mean differences between the two groups were 
conducted because of the small group sizes (n,=4, n2=3). Hence, the following description
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astronomy projects last on average about seven years. However, when we disaggregate the 
field into telescope-building and facilities-using collaborations, it turns out that it takes 
approximately eleven years for the first group to complete a project, and about two years for the 
second group. The field mean for number of participating organizations is about six and a half. 
However, collaborations using existing facilities average ten organizations, while telescope- 
building projects average four organizations.
All telescope-building projects had written contracts with the lead center or between 
teams, but only one third of the ground-based astronomy projects using existing facilities had 
such formal documents. Close to two thirds of the telescope-builders had a well-established 
system of rules and regulations as compared to none of the facilities-users. Fully three quarters 
of the telescope-building "virtual" organizations had a clear-cut division between intellectual and 
administrative authority. Only one third of the projects utilizing already existing facilities in 
ground-based astronomy maintained such a division of authority. Decision-making was more 
hierarchical in collaborations that built telescopes. In short, telescope-building projects were 
more bureaucratically organized and managed.
Finally, ground-based astronomy as a whole appears to be one of the fields most 
actively involved in subcontracting-71 % of the collaborations in this area were engaged in 
contracting out the construction of equipment. This statement, however, needs to be qualified, 
since all telescope-building projects drew up subcontracts with outsiders to obtain instruments, 
while only one third of the astronomical projects using existing equipment did so. This example 
once again demonstrates that technological features of the collaboration (telescope-building vs. 
using existing facilities) is a more crucial differentiating factor than the scientific field of study 
itself.
should be treated as strictly suggestive.
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Collaborative experiments in high-energy physics were disaggregated into three groups 
according to location, that is, the national laboratory where they were performed. This 
accelerator laboratory-based division was selected to explore differences in styles of national 
laboratories first observed in the earlier phase of the AIP study of multi-institutional 
collaborations (AIP 1992d).
Several structural peculiarities of three accelerator sites merit attention. The average 
length of all HEP experiments in our sample was slightly over four years. However, it took on 
average two years for experiments at FNAL to be completed. In contrast, experiments at BNL 
lasted about four years, and those at SLAC, about six years and a half. Another notable 
institutional difference concerns the presence of formal contracts. Only one fifth of the 
collaborations that carried out experiments at BNL had such contracts as compared to about 
thirty percent of the SLAC projects and 86 percent of the FNAL collaborations. The same holds 
true for the establishment of a system of rules and regulations about responsibilities, work, and 
reporting. None of the BNL collaborations acknowledged having such a system, while twenty- 
nine percent of the projects at SLAC reported a well-established system of rules, as did 43 
percent of those at FNAL. Finally, communication was more centralized at FNAL, where 86% of 
the collaborative experiments had a communications center, as compared to BNL (60%) and 
SLAC (57%).
In lieu of the procedures from the previous two chapters, I focus only on 
multidimensional clustering.73 Collaborations from all eight fields were clustered along seven 
variables that best represent the structural dimensions in the aggregated three-wave data set: 
degree to which the collaboration was based on "brokered" relationships; number of participating
73Because all of the dimensions in the multidimensional clustering in chapter four were 
not available, I chose one variable for each dimension to perform the multidimensional 
clustering. This variable was selected according to its ability to discriminate among 
collaborations in terms of mean differences by field. It should be noted that I was not 
purposefully seeking comparability between the two classifications, since the majority of 
variables used for clustering of collaborations from the two data sets were not the same.
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Rescaled Cluster Distances
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Figure 9: Dendrogram for Multidimensional Clustering of Collaborations from Eight Fields 
Using Ward's Method
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organizations (institutional diversity); formal contracts; instrumentation interdependence; 
commitment (degree to which the project was a central interest of the main collaborators); 
communications center; subcontracting.
Variables were converted to standardized Z scores to assure equalization of the effect of 
measurement scales. Squared Euclidean distance was chosen as the measure of dissimilarity, 
and Ward's method as the linkage technique. The agglomeration schedule, which identifies the 
cases or clusters joined at each stage of the hierarchical aggregation, indicates that up to stage 
six we have a zero error sum of squares (the cases combined are identical), it also shows that 
there is no clear-cut solution, since there are several noticeable jumps in ESS at various 
transition points. Thus, solutions ranging from seven to four clusters are all fairly plausible.
The dendrogram in Figure 9 above provides a graphic display of the steps in the 
hierarchical agglomerative clustering, and facilitates a judgment about the number of clusters 
that best characterizes MICs in all eight fields.
Two considerations guided the decision to choose a particular clustering solution. The 
first is that, since the number of collaborations is two and a half times higher than the sample 
used in previous cluster analyses, it is reasonable to relax the rescaled distance cut-off point.
The second consideration concerns the range of solutions. To ensure comparability with the 
classification procedures in Chapter 4 , 1 focused on the same range of solutions-between two 
and five clusters. The second criterion effectively limits the choice to two options-the five and 
four-cluster solutions. The four-cluster outcome was selected as more appropriate for two 
reasons: 1) it fits the data well at the chosen threshold value—the midpoint of the rescaled 
distance axis; 2) a simpler solution is preferable because it is easier to interpret.
The four groups of multi-institutional collaborations form two pairs of clusters with 
roughly similar elevation profiles. The constitution of each of the four clusters is clarified by the 
cluster membership table presented below.
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Table 97: Cluster Membership for Multidimensional Clustering of Collaborations from
Eight Fields—Four-Cluster Solution
Case Collaboration Cluster
1:gba Astrophysical Research Consortium 1
2:mr S&T Center for Superconductivity 1
3:ua DND-CAT 1
6:mp Angiography Diagnostics 1
8:gba Keck Telescope 1
10:ua Advanced Light Source Beamline Collaboration 1
19:mp NDMDG 1
22:mr Smart Materials Consortium 1
23:gba BIMA Array 1
27:hep BNL E-734 1
30:hep FNAL E-310 1
39:hep SLAC PEP-006 1
40:hep SLAC SP-024 1
43:ss Active Magnetospheric Particle Tracer Experiment (AMPTE) 1
44:ss Einstein Observatory 1
45:ss Voyager 1
46:ss Giotto 1
47:ss International Ultraviolet Explorer (IUE) 1
48:ss International Sun-Earth Explorer (ISSE) 1
51:geo Deep Sea Drilling Project (DSDP) 1
4:ccc Grand Challenge Cosmology Consortium 2
5:gba 3 mm. VLB I 2
9:ua Positron Diffraction and Microscopy 2
11:mr CPIMA 2
13:ua BNL E-814 and E-877 2
14:ua Crystal Structure of CTA and CTP 2
15:gba Sagittarius A 2
20:ua BNL E-878 and E-896 2
21:ccc UARC 2
24:hep BNL E-653 2
25:hep BNL E-650 2
26:hep BNL E-654 2
28:hep BNL E-791 2
33:hep FNAL E-616 2
36:hep SLAC E-132 2
37:hep SLAC E-137 2
38:hep SLAC PEP-004-009 2
41:hep SLAC SP-032 2
42: hep P-DECAY-IMB 2
53:geo Warm Core Rings (WCR) 2
(Table 97 cont.)




12:gba VI Bl Network 3
16:mr MPHOIS 3
18:ccc CRPC 3
29:hep FNAL E-289 3
31:hep FNAL E-398 3
32:hep FNAL E-428 3
34: hep FNAL-632 3
35:hep FNAL-715 3
49:geo International Satellite Cloud Climatology Project (ISCCP) 3
52:geo Consortium for Continental Reflection Profiling (COCORP) 3
54:geo Parkfield Earthquake Prediction Experiment 3
50:geo Greenland Ice Sheet Project (GISP) 4
55:geo Incorporated Research Institutes for Seismology (IRIS) 4
56:geo World Ocean Circulation Experiment (WOCE) 4
Table 97 shows three large groups and one small group of MICs. Further, it reveals 
both field-specific and subfield-specific patterns of differentiation in terms of the seven structural 
dimensions. Cluster 1 includes all space science projects, all telescope-building ground-based 
astronomy collaborations, and two out of three collaborations from medical physics. Cluster 2 is 
dominated by HEP collaborative experiments at BNL and SLAC. Other projects in this class 
include the ground-based astronomy collaborations using existing facilities and the majority of 
MICs from uses of accelerators. Cluster 3 is constituted by the bulk of the FNAL experiments 
(HEP) and about half of the geophysics projects. All members of cluster 4 belong to geophysics.
The mean differences in structural features of the four types are presented in Table 98. 
Cluster 1 (type 1) is distinguished by subcontracting the construction of equipment to outside 
firms. It is also marked by formal written contracts. These two features allow characterization of 
the type as the bureaucratic, subcontracting collaboration. Other characteristics of this kind of 
MIC are moderately "brokered" relationships, medium institutional diversity, high instrumentation 
interdependence, medium commitment, and decentralized communication. The bureaucratic,
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subcontracting type describes interorganizational projects from space science and telescope- 
building, ground-based astronomy.
Table 98: Cluster Means and Standard Deviations for the Seven Variables Used in 
Multidimensional Clustering of Collaborations from Eight Fields
Variables Clusters
Cluster 1 Cluster 2 Cluster 3 Cluster 4 Total
"Brokered" relationships 1.95 1.25 1.83 2.67 1.71
(.60) (.44) (.58) (.58) (.66)
Number of organizations 7.70 6.65 7.50 39.00 8.98
(4.88) (4.02) (4.62) (17.52) (9.11)
Written contracts .90 .20 1.00 .67 .65
(.31) (.41) (.00) (.58) (.48)
Instrumentation 2.42 2.59 2.39 3.00 2.51
independence (.58) (.43) (.44) (.00) (.50)
Commitment 2.70 2.45 2.67 3.00 2.62
(.47) (.48) (.49) (.00) (.48)
Communications .45 .60 1.00 .00 .60
center (.51) (.50) (.00) (.00) (.49)
Subcontracting .98 .18 .13 .67 .48
(.11) (.37) (.31) (.58) (.49)
Note: Standard deviations are given in parentheses.
The second type of collaboration is represented by twenty projects. Its most distinct 
features are low degree of subcontracting and lowest incidence of written contracts—that is, the 
exact opposite of type one. Type two is most appropriately categorized as the non-bureaucratic. 
nonsubcontractina collaboration. This type is further based on a low degree of "brokered" 
relationships, a small number of participating organizations, medium instrumentation 
interdependence, low degree of commitment, and moderately centralized communication.
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Projects that belong to the non-bureaucratic, nonsubcontracting type include BNL and SLAC 
experiments in HEP, collaborations using accelerators, and facilities-using, ground-based 
astronomy projects. Thus, the distinction between types one and two runs along the lines of 
technological practice and bureaucratic vs. non-bureaucratic management.
Multi-institutional collaborations in cluster three are characterized by a high degree of 
formalization and low level of subcontracting. I will term this type the bureaucratic. 
nonsubcontractina collaboration. Projects in this class exhibit a high degree of "brokerage", low 
institutional diversity, very high instrumentation interdependence, moderate commitment, and 
extremely centralized communication. The majority of experiments at FNAL, as well as about 
half of the geophysics collaborations, constitute the membership of the bureaucratic, 
nonsubcontracting type.
The last group of interorganizational formations (cluster four) is an extreme case in a 
number of aspects. This is the quintessential megacollaboration associated with the advent of 
"big" science. On average the three members of this group have 39 participating organizations. 
They are also based strongly on "brokered" relationships. An apt label for this type would be the 
brokered diverse collaboration. All the projects in this category come from geophysics. Other 
noteworthy traits of "brokered" diverse collaborations are medium formalization, lowest 
interdependence and communication centralization among all types, and high commitment.
All in all, the typological analysis in this chapter leads to the following conclusions: (1) 
Field differences should not be overestimated. Although we must recognize that certain field 
related idiosyncrasies exist, it may be more illuminating to focus on subfield differentiation of 
collaborations. One form of such differentiation is based on technological practice. Thus, 
telescope-building ground-based astronomy collaborations are distinct from ground-based 
astronomy projects using existing facilities in terms of bureaucratization and subcontracting. 
Another form of within-field division of MICs concerns institutional differences. In high-energy 
physics, collaborative experiments at FNAL are more bureaucratically organized than similar
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experiments at BNL and SLAC. One reason for this state of affairs could be that the sample 
covered experiments conducted only two years after Fermilab became operational. Perhaps, the 
more managerial style at FNAL was associated with stricter rules at a fairly new facility; (2)
Some general types of MICs seem to persist regardless of the disciplinary make-up of 
collaborations. Thus, there are intriguing overlaps between the multidimensional typology for all 
three phases of the AIP study and the similar typology that covers collaborations from the third 
phase only; (3) Technological practice in interorganizational projects holds the key to how they 
form, how they are organized and managed, how they function, and how they group together into 
similar entities.
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CONCLUSION
Despite the recent visibility and ubiquity of collaborations in science, they have received 
only marginal attention in sociology. The need to fill this gap in our knowledge and contribute to 
an emerging theoretical understanding of these "virtual organizations" has been the main 
impetus behind this dissertation research. To integrate the disparate findings in sociology of 
science and sociology of organizations in a more cogent theoretical framework, I adopted a 
macrosociological comparative approach and shifted the focus to multi-institutional 
collaborations themselves as the units of analysis.
Based on data from a ten-year AIP project, which represents the most comprehensive 
study of interorganizational collaborations to date, I developed a variety of classification 
schemes that capture in systematic fashion the variation of MICs along basic structural 
dimensions. I then examined the relationships of these classifications to important sociological 
outcomes. Qualitative historical analysis of interviews from high-energy physics, space science, 
and geophysics showed that seven general dimensions emerge as crucial in explaining the 
variety of collaborative forms in science: project formation, magnitude, organization and 
management, interdependence, participation, communication, and technological practice.
Modem research institutions are embedded in a social environment that supplies critical 
resources and support. The qualitative study convincingly demonstrated that the main reason 
for the establishment of multi-institutional collaborations is the need to pool resources (money, 
equipment, manpower, professional expertise) that are unavailable to any single organization. 
This might be in order to construct an expensive and sophisticated facility, to solve a challenging 
scientific problem, to embark on a novel mission, or to implement a complex experimental 
design.
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This finding is consistent with the main tenet of resource dependence theory (Aldrich 
and Pfeffer 1976; Pfeffer and Salancik 1978) that, since organizations are unable to internally 
generate all the resources or functions that they need to survive, they must enter into 
transactions and relations with other organizations. To take this argument a step further, it is the 
competition for scarce resources that gives rise to interorganizational collaboration. In sum, 
collaboration is one way to manage environmental dependencies.
The tendency of organizations and groups of scientists to enter into cooperative 
arrangements is facilitated by a prior history of joint work or familiarity of the major actors.
Indeed, MICs in ground-based astronomy, uses of accelerators, materials science, medical 
physics, and computer-centered research were largely based on pre-existing relationships. This 
confirms results from research on high-energy physics that indicate that experiments are 
performed in strings with social and intellectual continuity (Knorr-Cetina 1998). However, space 
science and geophysics collaborations were based on pre-existing relationships as much as they 
were based on "brokered" relationships among strangers. This result is supported by other 
studies (Zabusky 1995; Schild 1997).
Cluster analysis revealed that multi-institutional collaborations in the five fields under 
investigation originate in one of two ways. They are either instigated by universities or by 
several sectors (academia, government laboratories, government contract laboratories, research 
institutes, corporate entities). In collaborative projects instigated by universities, academic 
hierarchies tended to be reproduced within the collaboration, leading to more rather than less 
hierarchical organization.
Careful analysis of the data from this third phase of the AIP study shows much greater 
variety in the magnitude of multi-institutional scientific collaborations than what might be 
expected based on prior research in STS (Zabusky 1995; Knorr-Cetina 1998) and in 
organizations (Sayles and Chandler 1971). Instead of the "megacollaboration" in terms of size 
and duration that is the typical object of study in these works, the vast majority of
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interorganizational formations in ground-based astronomy, uses of accelerators, materials 
research, medical physics, and computer-centered research turned out to be considerably 
smaller and shorter. Magnitude did prove to be positively related to bureaucratization and 
organizational complexity, which is quite consistent with previous findings in the organizational 
literature (Hall 1977; Hage 1980).
Interorganizational networks in R&D are structured and managed in complex and 
diverse ways. This diversity was captured by a multitude of indicators that measured four 
aspects of bureaucracy: formalization, hierarchy, administrative management, and scientific 
management. Cluster analysis yielded three well-defined types of MICs: bureaucratic, semi- 
bureaucratic, and non-bureaucratic. This empirically derived classification is similar to the 
theoretical typology developed by Koenig (1981), who distinguished formal, semi-formal, and 
informal interorganizational systems.
About half of the projects in ground-based astronomy, uses of accelerators, materials 
science, medical physics, and computer-centered research were bureaucratically organized and 
run. While scientific research establishments in general may have a less pyramidal and 
formalized organizational structure than government offices, industrial units, and corporations, 
this finding seriously undermines the validity of claims in STS that multi-institutional 
collaborations are in essence free-wheeling social formations, with informal structure, lack of 
central authority, and a great deal of flexibility (Zabusky 1995; Knorr-Cetina 1998).
Organizational behavior and decision-making processes occurring in scientific 
collaborations could not be uniquely explained by either resource dependence theory or the 
garbage can model. Each approach seems to be applicable to a specific domain of behavior.
The former is better suited to deal with rational choices that organizational actors make in 
bureaucratically managed projects. The latter handles more successfully processes like 
leadership change, management by consensus, reformulation of goals, and fluid participation 
that are typical of non-bureaucratic collaborations. Thus, so far as the management of MICs is
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concerned, it is probably more useful to treat resource dependence theory and the garbage can 
model as complementary rather than mutually exclusive. Overall, the empirical findings suggest 
that while both models are somewhat incomplete, resource dependence theory has a broader 
scope of application and greater explanatory power with respect to multi-institutional 
collaborations in science.
In contrast to the patterns of organization and management, which are not associated 
with the field differentiation of multi-institutional collaborations, interdependence with respect to 
instruments, data acquisition, and data analysis proved to be field-specific. Computer-centered 
collaborations and projects from uses of accelerators were distinguished by low mutual 
dependence among teams, while ground-based astronomy projects were more interdependent. 
Overall, however, the five fields of research that were covered in the third phase of the AIP 
project demonstrated fairly low mutual dependence of teams, unlike high-energy physics and 
space science.
The more salient communal practices of HEP groups, where instruments are 
collaboratively operated, data are taken jointly, and analysis is subject to collaboration-wide 
discussion, probably account for higher levels of social integration and mutual dependence. This 
observation is supported by other studies in the STS tradition (Knorr-Cetina 1998). Similarly, 
prior research has found that space science collaborations entail high interdependence 
predicated on compatibility of the spacecraft and the payload (Zabusky 1995).
The impression that most collaborations in ground-based astronomy, uses of 
accelerators, materials science, medical physics, and computer-centered research did not form 
coherent social entities with close interdependence of their constituents is further strengthened 
by the examination of another mechanism of integration—participation. The majority of senior 
scientists were involved part-time, and only half of them considered the collaboration as their 
central research activity. Graduate students were proportionately underrepresented, but those 
that were involved were usually highly committed. Perhaps one reason for the low involvement
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of the main collaborators is that unlike some other specialties (space science, geophysics, HEP), 
these fields did not as a rule include significant international participation.
Contrary to findings in some previous studies of R&D collaborations (Kreiner and 
Schultz 1993; Zabusky 1995; Schild 1997; Knorr-Cetina 1998) communication was not very 
intense in projects from the five areas that comprise the sample of phase III of the AIP project. 
The explanation for this discrepancy lies in differences in the organization of collaborative work. 
While previous research focused on cooperative ventures where scientists worked together for 
prolonged periods of time in one location, most cases in our sample involved research groups 
that worked in separate locations and only occasionally met to discuss common problems. This 
conclusion is supported by the analysis of collaborations in the first phase of the AIP study, 
which showed that HEP teams lacked the constant interaction common in more stable work 
teams (Guerrero 1993). Another finding from the present study confirms results from prior 
research that informal interaction is by far the prevalent form of communication in scientific 
collaborations.
Typological analysis suggests that communication patterns are not randomly distributed 
across fields of science. Communication tends to be more controlled in interorganizational 
projects involving accelerators and in computer-centered collaborations than in ground-based 
astronomy and materials research. In that respect the first two fields are quite similar to high- 
energy physics, where publications include long author lists and contributors have to sign off on 
papers reporting collaboration results.
Recent research on multi-institutional collaborations in sociology of science has 
employed a qualitative cultural orientation, interactionist approach, and case-study methodology. 
A common flaw of these works has been the failure to resist a typical temptation in case studies 
to construct a theory that is all-encompassing (Eisenhardt 1989). Thus, they provide insufficient 
and contradictory clues as to whether there is a single dimension that best explains the social 
structure and the sociological outcomes of collaborations in science.
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I argued that there are ample theoretical grounds for a broad conception of technological 
practice, including instrument building and utilization, as well as topical management, data 
acquisition, and manipulation. Such a concept is crucial for our understanding of how 
collaborations vary and what the patterned consequences of this variation might be. The 
empirical evidence largely supported the main argument. Based on their technological practices, 
scientific collaborations cluster into four distinct groups: managerial, decentralized, 
noninstrumental, and routine. Analysis of variance results convincingly demonstrate that this 
classification is superior to typologies based on other structural dimensions in its power to 
predict a range of five important sociological outcomes: success, trust, conflict, stress, and 
documentary practice.
Substantively, the findings indicate that perceived success is a function of the 
combination of instrumental orientation and team control over analytical topics as opposed to 
central technological management. Decentralized projects are thus consistently rated as most 
successful in comparison with other types. Success, however, often comes at the expense of 
unproblematic and nonconflictual interpersonal relations. If anything, success is accompanied 
by a heightened tension and stress. The last finding corroborates previous conclusions from 
empirical research on large-scale multi-institutional collaborations in oceanography (Mazur and 
Boyko 1981). One result from qualitative comparative analysis is consistent with this prior study 
of oceanographic projects-style of decision-making is unrelated to perceived success.
Interpersonal relations in interorganizational arrangements are most notably shaped by 
the distinction between managerial and routine technological types. The former systematically 
exhibit lower levels of trust, higher levels of reported stress, and considerably more 
disagreements between research teams. Upon closer examination, unfavorable social 
relationships among participants result from a combination of centralized technological 
management and frequent checking of the accuracy of each other’s results within the
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collaboration. Pushing the state-of-the-art goes hand in hand with strained interpersonal relations.
Patterns of documentary practices are important for the efficient management of multi- 
institutional collaborations in science, as well as the sociological and historical study of their 
social formation and consequences. Dispersion of collaborative records was predicted by the 
distinction between managerial and decentralized type of projects. In the former, centralization 
of technological management led to centralization of core records. In the latter, the opposite 
tendency was manifest.
As with other dimensions (magnitude, organization and management, and participation), 
field of research did not matter for the technological type of MICs. The principle finding is that 
technological practice provides the best structuring framework for organizing scientific 
collaborations into types that systematically vary in terms of their sociological consequences.
This result may have a broader meaning that extends beyond cooperation in science. Indeed, a 
number of organizational studies have documented that industries with a higher degree of 
technological intensity are more likely to experience alliance formation (Freeman 1991;
Hagedoorn 1995; Powell et al. 1996). On a more general level, the increase in various forms of 
cooperation in industrial production, services, trade, and the non-profit sector has been linked to 
the rapid expansion of knowledge and the concomitant changes in technology (Alter and Hage 
1993). These changes place higher demands on organizations to adapt quickly and be more 
flexible, which may make large-scale bureaucracies with a focus on a particular product or 
service inadequate. In the new environment, interorganizational cooperation that brings together 
different kinds of expertise is necessary.
The findings of the present study have several other implications for theory and policy. 
The sociological theory of multi-institutional collaborations in science as emergent forms of 
social organization is still in its infancy. Although some important strides have been made, it 
remains a "theory in the making." The lessons learned from the detailed, systematic analysis of 
a number of collaborative projects in physics and allied sciences may help us put this evolving
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theoretical framework on a firmer foundation. One inference from the empirical results of this 
study is that it might be more productive to move away from traditional preoccupations with the 
discipline/specialty or the research laboratory as structuring formats for the social and 
intellectual organization of knowledge production, focusing instead on multi-institutional 
collaborations themselves as "virtual organizations." Their character is temporary but can be 
systematically studied with reference to seven primary structural dimensions that cut across 
specialties and specific locations.
One traditional way to approach organizations of knowledge production in sociology of 
science has been the emphasis on disciplines/specialties as reputational systems of work 
(Mullins 1972; Law 1973; Edge and Mulkay 1976; Whitley 1984). Recently, "laboratory studies" 
have shifted the attention to the scientific laboratory as the most significant context of knowledge 
construction (Latour and Woolgar 1979; Knorr-Cetina 1981; Lynch 1985; Latour 1987; Traweek 
1988; Zabusky 1995; Knorr-Cetina 1998). Both approaches have enriched our understanding of 
the social production of science in more traditional settings. Multi-institutional collaborations, 
however, defy traditional explanations and often transcend established formats of organization of 
R&D. Thus, they frequently involve communities of scientists that are characterized by unstable 
and shifting boundaries. Moreover, at least some of the interorganizational projects in our 
sample were based on interdisciplinary collaboration. This was especially evident in the fields of 
materials science, computer-centered research, and medical physics.
Our findings also demonstrate that for most of the typologies we developed, 
collaborations did not fall into clear clusters by field, suggesting that structural dimensions are 
not only more useful theoretically, but are necessary to understand the empirical variability of 
collaborations. One consistent result indicates that subfield differentiation based on 
technologically or institutionally related differences provides a better explanatory framework for 
the structural variation of MICs than their disciplinary make-up. Last, but not least, the data
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suggest that many interorganizational formations conduct their research in multiple locations with 
varying degrees of coordination. Often, these formations do not have a lead center or a host 
institution and combine a relatively flexible confederate structure with extraordinary complexity of 
the tasks performed. Hence, we should reconsider the focus on particular research laboratories 
and locations, recognizing that collaborations in science often cut across multiple locations and 
settings.
Another theoretical implication concerns the need for sensitization to cross-fertilization of 
paradigms in the sociological study of interorganizational scientific arrangements. We can gain 
a great deal by integrating insights from STS with organizational theory in order to elucidate the 
emergent theoretical framework for description and explanation of the critical social processes 
that take place in these "transient mini-institutions." This includes the triangulation of analytical 
methods. Such triangulation was not fully achieved in the present research. Nevertheless, 
qualitative in-depth analysis of interviews from HEP, space science, and geophysics was 
fruitfully utilized to derive the seven basic structural dimensions that constituted the conceptual 
framework for the subsequent quantitative comparative examination of MICs. The interpretation 
of results from quantitative macroanalysis of multi-institutional collaborations was facilitated by 
the qualitative study of opinions expressed in the interview transcripts.
A careful consideration of the findings from the present systematic comparative study of 
the structural arrangements and patterned consequences of multi-institutional scientific 
collaborations will benefit science policy makers, funding agency officials, managers, and P.I.s in 
several ways. I will briefly discuss the most obvious policy implications of this dissertation 
research.
First and foremost, science policy makers should be aware that in order to understand 
the sociological outcomes of MICs as a recent form of knowledge production, we need to focus 
more closely on their technological characteristics. Projects often differ more substantially in 
terms of their technological practice than in terms of their field distinctions.
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Second, different forms of organization and management may result in increased 
performance of collaborations in scientific research. Most often, success is associated with the 
active design and building of sophisticated new equipment, combined with decentralized 
management of technological routines. Thus, a healthy degree of dispersion of authority and 
autonomy of individual teams foster better performance.
Third, interpersonal relationships are extremely important for the smooth functioning of 
collaborations. Research teams whose individual members have worked together before or 
have known each other previously experience less conflict and less social problems. 
Nevertheless, a certain level of disagreement over scientific matters stimulates innovation. The 
goal is to keep these disagreements focused on scientific issues, and not let them exceed a 
certain "critical mass." So long as this is the case, disagreements, disputes, and controversies 
can actually boost performance and promote success.
Fourth, we ought to be sensitized to the fact that multi-institutional collaborations fall into 
three organizational categories—bureaucratic, semi-bureaucratic, and non-bureaucratic. This 
classification is neither field-specific, nor particularly useful in predicting success, trust, or stress. 
It does, however, help us to explain conflicts between researchers and the project management. 
More bureaucratically run projects, which are also more heavily involved in instrument 
construction have higher levels of such conflict than semi-bureaucratic, and especially non- 
bureaucratic collaborations.
Future research on multi-institutional collaborations in science should proceed in several 
directions. The most immediate task is to expand the scope of the present study to include a 
larger number of cases in additional scientific fields. The first step is to test the validity of the 
findings from the investigation of interorganizational collaborations in ground-based astronomy, 
uses of accelerators, materials science, medical physics, and computer-centered research on 
data from HEP, space science, and geophysics. This requires that the existing data base be 
supplemented with additional interviews in order to standardize the data across all the fields
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covered by the three phases of the AIP project on studying multi-institutional collaborations. The  
next step may involve the collection of data from disciplines other than physics and allied 
sciences. One possibility is bio-medical research, which other studies have found to be 
organized in a more decentralized manner and funded in a more pluralistic fashion (Kreiner and 
Schultz 1993; Hollingsworth 1997).
In view of the principle conclusions of this dissertation, one fruitful avenue to pursue is 
the study of interdisciplinary collaborations in science. Although some cases in our sample 
belong to this category (UARC, the Grand Challenge Cosmology Consortium, Angiography 
Diagnostics, MPHOIS, Crystal Structure of CTA and CTP), no systematic study has yet been 
undertaken to analyze this form of interorganizational collaboration. Given the trend of 
interdisciplinarity associated with the increased complexity of scientific problems that require 
diverse expertise, the importance of such collaborations will likely grow in the future.
Future studies should also explore more thoroughly the effect of the changing social 
environment on interorganizational collaborative ventures in R&D. One contextual factor that 
may bear upon the formation, structure, management, and performance of scientific 
collaborations is the funding of research. In an era of increasing costs for equipment and 
research infrastructure, greater public accountability, the shrinking of "soft" money, and the 
diversification of funding sources, collaboration between academic and non-academic 
establishments may be expected to become more problem-oriented. Further, funding patterns 
differ across disciplines, which could have consequences for the duration, constitution, 
organization, and management of collaborative projects.
In conclusion, if the study of multi-institutional collaborations in science has taught us 
anything, it is probably the wisdom that organizational and disciplinary boundaries have become 
fluid and permeable. Therefore, sociologists of science and sociologists of organizations need to 
transcend their separate worldviews and join forces in an effort to build a middle range theory of 
this fairly recent but increasingly important form of knowledge production.
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APPENDIX A. DESCRIPTIONS OF MULTI-INSTITUTIONAL COLLABORATIONS
IN THE PHASE III SAMPLE
Ground Based Astronomy (gba)
1. Astrophysical Research Consortium (ARC)
A collaboration of the University of Chicago, University of Washington, Washington State 
University, Princeton University, and New Mexico State University to build an optical telescope 
approaching national-observatory capabilities at 1/4 to 1/3 the cost. Subsequently, the 
collaboration added Johns Hopkins University(JHU) and the Institute for Advanced Study for a 
Sky Survey project that did not include New Mexico State or Washington State. Fermilab and a 
consortium of Japanese scientists also participate in the Sky Survey through Memoranda of 
Understanding with ARC, which has preferred not to expand its membership to include 
non-American institutions or federally financed American institutions. The consortium has built 
an observatory at Apache Point, New Mexico; the consortium is legally incorporated in the state 
of Washington. Optical telescope is in operation; Sky Survey is in construction. The optical 
telescope is largely self-financed by member institutions; Sky Survey being done with major 
support from Sloan Foundation.
5. Three Millimeter VLBI
An effort of California Institute of Technology (Owens Valley Radio Observatory), University of 
California-Berkeley (Hat Creek Radio Observatory), M IT (Haystack Observatory), 
Harvard/Smithsonian Center for Astrophysics, University of Massachusetts (Five College Radio 
Astronomy Observatory), and Onsala (Sweden) Space Observatory to reduce by an order of 
magnitude the wavelengths at which astronomical long-baseline interferometry is done. The 
collaboration itself was not funded, but US participants and organizations individually had 
funding from NSF, NASA, and the California Space Institute. The collaboration has disbanded 
but can reconstitute itself; AIP study focuses on the first successful observations at a wavelength 
of 3.4 mm (reported in Nature, 1983).
8. Keck Observatory
A collaboration of California Institute of Technology and the University of California system (with 
UCB, LBL, and UCSC being the dominant campuses) and secondarily U Hawaii and NASA to 
build and operate two 10 meter telescopes in Hawaii. Project management was done by the 
California Association for Research in Astronomy, which was spun off from Caltech/JPL; science 
management came from LBL. Over $90 million has been spent with biggest chunk coming from 
the donation of Howard Keck to Caltech. One telescope has been in use for astronomy since 
1993; the second took first light in late 1996. The scope of the AIP study is telescope 
development and an overview of instrumentation development and use.
12. VLBI Network
A consortium of MIT (Haystack), Harvard (Harvard/Smithsonian Observatory), Caltech (Owens 
Valley), UC Berkeley (Hat Creek), and U Iowa, with National Radio Astronomy Observatory, Max 
Planck Institute for Radio Astronomy, and Onsala (Sweden) Space Observatory as 
'associated members' to regularize use of these observatories for very long baseline 
interferometry at centimeter wavelengths.
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15. Sagittarius A
A collaboration of MIT Haystack, UC Berkeley, Caltech Owens Valley, National Radio 
Observatory (Tuscon), National Radio Astronomy Observatory (Charlotte VA), 
Harvard/Smithsonian Center for Astrophysics, and the National Radio Astronomy Observatory to 
observe an astro-physically interesting radio source through VLBI at 3.5 mm wavelength. The 
collaboration has no physical location; it used the antennae at Owens Valley, Kitt Peak, and 
Haystack Observatories. The collaboration itself was not explicitly or directly funded, but the 
Observatories it used had funding from NSF or NASA. The collaboration has disbanded but can 
reconstitute itself; the AIP study focuses on the work leading to its first published results in 
Astrophysical Journal, 1994.
17. Hobby-Eberly Telescope (HET) Project
A collaboration of University of Texas at Austin, Pennsylvania State University, and 
Stanford University in the United States and the Universities of Munich and Gottingen in 
Germany to build an optical telescope and scientific instruments. Telescope was under 
construction at University of Texas McDonald Observatory at the time of the AIP interviews. It 
saw first light in the fall of 1996. Funding comes from the member organizations.
23. Berkeley-fllinois-Maryland Association (BIMA) Array
A consortium of the University of California at Berkeley, the University of Illinois at 
Urbana-Champaign, and the University of Maryland at College Park to build and operate a  
hard-wired array of antennae that would together function as the world's highest-resolution radio 
telescope at millimeter wavelengths. The Array is at Hat Creek Observatory, where Berkeley has 
long maintained radio-astronomy facilities, but is operated remotely from the three member 
organizations. Work began in 1985. Six antennae are in operation, three more are planned, and 
another three are hoped for. Funding is from the universities themselves and NSF.
Materials Science
2. NSF Science and Technology Center for Superconductivity (STCS)
A collaboration of U Illinois at Urbana, Northwestern, U Chicago, and Argonne National 
Laboratory to support their research into high-temperature superconductivity. The collaboration 
has no physical location beyond an administrative office at the U Illinois. It is funded by NSF 
from its Office of Science and Technology Infrastructure. Additional support comes from the 
state of Illinois.
11. Center on Polymer Interfaces and Macromolecular Assemblies 
(CPIMA)
A collaboration of Stanford, IBM-Almaden, and UC Davis to support the
efforts of select members of their staffs to research polymer interfaces and macromolecular
assemblies. The collaboration has no physical location beyond an office at Stanford.
It is funded by NSF as a Materials Research Science and Engineering Center under the Division 
of Materials Research.
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16. Materials Partnership for Hybrid Organic/inorganic Semiconductors (MPHOIS)
A collaboration of Princeton, U Southern California, Hughes Laboratories, IBM-Almaden, and U 
Colorado to study semiconducting properties and usefulness of various composites. The 
collaboration has no physical location. Princeton provided financial administration. Funded by 
ARPA
under the Advanced Materials Processing Program.
22. Smart Materials Consortium (SMC)
A collaboration of Martin Marietta Baltimore, Lockheed Palo Alto, AVX (a 
ceramics manufacturer in Myrtle Beach), Martin Marietta Astronautics 
Denver, Naval Research Laboratory, BDM, and University of Maryland, JHU, University of 
Virginia, and Clemson to develop a better vibration-canceling device. The program was 
managed from MM Baltimore, which no longer exists as result of Lockheed's purchase of MM. 
The first (or among the first) project funded by ARPA under a new 'agreements authority' it 
obtained in a 1993 legislation. There was also cost-sharing from the corporate participants and 
modest grants from state governments to the universities.
Uses of Accelerators
3. DND-CAT
A collaboration of Du Pont, Northwestern University, and Dow to build and use a beamline and 
end stations at Argonne’s Advanced Photon Source. The collaboration has an office at Argonne, 
where all data will be taken, though some significant end-station instrumentation is being built at 
the home organizations. Around 7-8 million will be spent on construction and 1 million a year on 
operations once construction done with each participating organization raising a set share of the 
funds. Du Pont and Northwestern each contribute 40%  of the collaborations's money; Dow the 
remaining 20%. This project is still in construction.
9. Positron Diffraction and Microscopy
A collaboration of Brandeis, CUNY, Bell Laboratories, Brookhaven, and Norwich University 
(England), and more recently Bielefeld University (Germany) to build and use a positron 
beamline and end stations using BNL's high-flux beam reactor (HFBR) to create an intense 
source of positrons. All data are taken at BNL. There is some explicit funding from NSF and 
some implicit funding from DOE via choice of BNL people to put discretionary time and 
equipment into the positron work. The beamline was in use when we interviewed participants, 
but Brookhaven has since shut down the HFBR.
10. LBL Advanced Light Source Beamline Collaboration (ALSBC)
A collaboration of IBM-Almaden, Wisconsin, Tulane, Tennessee, LBL, and LLNL to build one 
beamline and a set of distinctive end stations for materials science and surface physics at the 
Advanced Light Source (ALS) at LBL. Leaders of Wisconsin and Tulane began their involvement 
at IBM-Yorktown and NIST, respectively. IBM-Almaden later brought in San Jose State and 
Uppsala University (Sweden). All data are taken at LBL. Each participating organization raises 
its own funds; IBM funds itself.
13. BNL E814 & E877
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A collaboration of Brookhaven, Stony Brook, McGill, Pittsburgh, Sao Paulo, Wayne State, and 
other organizations that have come and gone to study particles with low transverse momenta 
created in collisions of various ions. The collaboration takes data at BNL. Detector construction 
was funded through a central account at BNL; operations, travel, and other expenses were 
funded through participating institutions.
14. Crystal Structure of CTA and CTP
A collaboration of State University of New York at Stony Brook 
(SUNYSB), Brookhaven, and Du Pont to determine the structure of a 
group of curious crystals with useful properties. The crystals are
synthesized at Du Pont and experimented with at BNL. The only dedicated funding was from Du 
Pont for SUNYSB to hire a postdoc. The collaboration has already disbanded.
20. BNL E-878 & 896
878 was a collaboration of Brookhaven, UC-Berkeley, UCLA, Columbia, Johns Hopkins, KEK 
(Japan), LBL, U Michigan, Goddard Space Flight Center, University of Tokyo (Japan), Yale, and 
Waseda University (Japan) to investigate the creation of strange particles in collisions of 
gold ions accelerated by the BNL AGS. 896 is a continuation but with a more sophisticated 
detector that makes possible searches for unstable strange matter, which has much shorter half 
lives(assuming it exists) than the matter sought in 878. Japanese groups dropped out for 896, 
but the collaboration was considerably enlarged through addition of groups from Universita di 
Catania (Italy), CERN, McGill, Carnegie Mellon, Ohio State, Rice, U Texas-Austin, and Wayne 




A collaboration of Stanford University's High-Energy Physics Laboratory, Synchrotron Radiation 
Laboratory, and Medical School, plus Lawrence Berkeley Laboratory, Brookhaven National 
Laboratory, and the State University of New York at Stony Brook Medical School to develop a 
non-invasive technique for imaging coronary arteries. The collaboration initially took data at 
Stanford but moved operations to Brookhaven to take advantage of the National Synchrotron 
Light Source.
7. Radiology Diagnostic Oncology Group (RDOG)
A series of collaborations with overlapping memberships to assess the efficacy of various 
radiological techniques and modalities for diagnosing cancers of various organs. AIP focus is on 
completed RDOGs 1, which studied lung and prostate cancers, and 2, which studied colon and 
pancreatic cancers. Harvard Medical School and the American College of Radiology (ACR) have 
respectively done the statistical analyses and data collecting for all RDOGs. Michigan, Johns 
Hopkins, the Cleveland Clinic, Thomas Jefferson U, Sloan-Kettering, and UCSF participated in 
RDOG 1; Michigan, Washington U (St. Louis), U Washington (Seattle), Johns Hopkins, and NYU 
participated in RDOG 2. The collaboration has no physical location but ACR is fairly labeled a 
headquarters for administration and records (but not a lead institution). RDOG Pis come from the 
radiology departments of various medical centers.
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19. National Digital Mammography Development Group (NDMDG)
A collaboration of University of Toronto (with a subcontract to Fisher), General Electric,
University of Chicago, University of North Carolina, Thomas Jefferson Hospital, and 
Massachusetts General Hospital to develop and test two systems for digital mammography 
against each other and against analog mammography. The collaboration has no central place to 
take data, but University of Toronto provides coordination services. National Cancer Institute 
funds the project with some in-kind contributions from GE. The project involves hardware 
development, image processing, clinical trials, and teletransmission.
Computer-Centered Collaborations
4. Grand Challenge Cosmology Consortium (GCCC)
A collaboration of Princeton University, MIT, UCSC, University of Illinois and the National Center 
for Supercomputer Applications (NCSA), the Pittsburgh Supercomputing Center (PSC), and the 
University of Indiana to develop and use computation techniques for simulating 
cosmological processes. Funding comes from NSF through the High Performance Computation 
and Communications Program, but ARPA has contributed money to both NSF and NASA 
programs for high-performance computing. Supercomputing time is acquired through annual 
proposals to the 'MetaCenter1, which consists of the four NSF-funded supercomputing centers 
and allocates time for computationally massive, resource intensive, or interdisciplinary projects 
that may need more than one center. There was no hardware development or even purchases 
except for computers. AIP selected this case for study as an example of collaboration among 
theorists. Consortium is still in operation.
18. Center for Research in Parallel Computation (CRPC)
A collaboration, initially of Rice University, Argonne National Lab, California Institute of 
Technology, and Los Alamos National Lab to develop the infrastructure needed to make parallel 
computation accessible to scientists and engineers who are not specialists in parallel 
computation. The collaboration has expanded to include Syracuse U, U of Tennessee, and U of 
Texas through movement of individual members. The Center HQ is at Rice. CRPC is funded as 
a Science and Technology Center from NSF's Office of Science and Technology Infrastructure; 
participants may also have individual funding from NSF, ARPA, etc. for work that is within the 
Center’s jurisdiction.
21. Upper Atmosphere Research Collaboratory (UARC)
One of a handful of projects to develop software that enables scientists to collectivize use of 
remote instruments and of individual data sets, UARC is hosted by U Michigan, which 
subcontracts to the Stanford Research Institite, Lockheed Palo Alto (now Lockheed-Martin), the 
University of Maryland, and the Danish Meteorological Institute, which each manages a scientific 
instrument at the Sonderstrom facility in Greenland. Funding comes from NSF's computer 
science and atmospheric science directorates.
Notes: 1. This description of individual multi-institutional collaborations in the third phase of the 
AIP study was kindly provided by the project historian Joel Genuth.
2. Numbers correspond to case numbers used in the variuos tables and figures.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
APPENDIX B. DIMENSIONS USED IN CONSTRUCTING THE QUESTIONNAIRE IN THE 
THIRD PHASE OF THE AIP STUDY OF MULTI-INSTITUTIONAL 
COLLABORATIONS IN PHYSICS
I. PROJECT ORIGIN
1. Sectoral Project Origin:
- Universities, research institutes, government labs, 
government contract labs, corporate;
- Dominant sector in MIC.
2. Project Instigator (title, role in development of collaboration).
3. Involvement of Funding Agency in Project Formation:
- Did funding agency personnel put together the proposal as 
a package?
- Did funding agency participate in project staffing and 
planning?
- Is there a dominant funding agency for this discipline?
II. STRUCTURE AND ADMINISTRATION
A. MAGNITUDE
4. Size of Project (# of people, #  of organizations, # of teams):
- Is there a problem of "understaffing"?
5. Cost of Project:
- Percentage costs for personnel and percentage costs for 
instruments, research facilities, materials.
6. Duration of Collaboration:
- Stages, disciplinary differences in relative duration of 
stages, disciplinary differences in overall duration of 
collaborative projects.
B. COMPOSITION AND ORGANIZATION
7. Sectoral Composition:
- What sectors are represented in what disciplines in MICs;
- Who declined to be part of a team or was rejected(for what 
reasons?)
38. Advisory Structures:
- Was an advisory structure present in the collaboration?
- How was the advisory structure utilized? How important was it?
10. Bureaucratization:
- Degree of subordination and clear-cut division of labor;
- Use of formal contracts;
- Presence of a system of rules and regulations.
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12. Project Planning:
- Who sets project time-table and is there any flexibility?
- Degree of stress induced by deadlines/scheduling?
- Coordination of schedules of teams within the project.
13. Evaluation and Monitoring of Projects:
- Whether there was a stable system of evaluating performance, or this was done primarily 
ad hoc;
- Comparison to other projects;
- Independence of policy and review committees from project 
management.
14. Changes During the Duration of the Project:
- Addition or dropping of organizations and individuals;
- Shifts in importance of main actors during the duration of
the project as a result of "real time decisions'^ what did it look like at the formative stage);
- Evolution (or the lack of it) of the organizational 
structure - more or fewer committees, greater or 
less bureaucratization, etc.
- Reuse of data and facilities after the completion of the 
project. Relative importance and unanticipated uses of the 
project.
40. Time Comparison:
- How would the project or program have been different, if it had been carried out 10 years 
earlier?
III. CENTRALIZATION AND POWER
15. Centralization vs. Decentralization:
- Is there a lead center or other specialized project 
unit (host institution, research facilities used by
collaborators) ? Is it located in a "permanent" organization? What are their functions?
- Is there a designated leader and what are his prerogatives? What is his title and role in 
development of collaboration?
- Degree of autonomy of formal units within the collaboration? (How autonomous are the 
units? What is the extent of this?)
16. Decision-Making:
A. Hierarchical vs. Consensual(how are decisions made, what units (persons) 
take part in what decisions, are there different decision patterns with regard to the 
different stages of the project).
B. Role of visible leader (is there a division between 
administrative and intellectual authority).
C. Degree to which executive committee makes decisions as 
against collaboration-wide meetings.
41. Control of Resources (how is resource management and control 
carried out within the collaborative project and for the
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project by higher authorities, e.g., funding agencies, 
accelerator lab directors, etc.).
IV. INTERDEPENDENCE
17. Degree of Independence of Individual Teams (with regard to 
instrumentation, shared data and data analysis).
18. Degree of Competition (competition for funds between proposed 
collaborative projects, competition among researchers for 
participation in a specific project).
V. PARTICIPATION
36. Role of MICs in Discipline:
- What are the most important MICs in your discipline within
- To what degree did MICs use pre-existing professional 
relationships between scientists or "brokered" relations 
among competitors?
the last decade?
- To what extent are MICs necessary for doing research in 
your discipline?
- What are the most important results in your discipline
within the past decade and to what extent did they come from MICs?
- What is your opinion of the future of such "transient 
organizations" in your discipline?
19.A. Commitment:
- Pressures from the home organization;
- Whether investigators were devoted full-time or part-time to MIC;
- Degree to which the project is a central interest of the 
main collaborators.
19.B. Graduate training:
- Proportion of graduate students (disciplinary differences, 
team differences);
- Degree of participation by graduate students;
- Impact of duration and specialization of MICs on graduate education.
19.C. Effect of MICs on non-educational (industrial) participants (Competition, recognition, 
specialized instrument production, proprietary processes).
VI. EXTERNAL RELATIONS
20. Degree of Political Campaigning to Support Project:
- Did the project receive scrutiny from authorities outside 
the scientific community?
- Were individual OMB budget lines required for the project?
- Did the funding agency/agencies have to reorganize in order to manage the project?
21. Interactions between Data Creators and Outside Users of Data.
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22. Public Relations Activities:
- Was there a public relations office/officer or was this 
function the main responsibility of the designated leader 
or host institution?
- Did the collaboration produce press releases?
- Did individual researchers popularize the MIC through the media and what was the 
professional and public response to that?
VII. COMMUNICATION
23. Role of Designated Leader in Communication:
- Who communicates beyond the collaboration?
- Is there management of external communication?(by project 
leader or by project management)
24. Control of Publication and Dissemination of Methods and 
Results (esp. authorship).
25. Center or Periphery Concentration of Information:
- Was there was a central communications node and in the
degree to which scientists at the spokes limited information to the center versus scientists at 
the center limiting information flow to the spokes.
26. Openness of Communication:
- Degree of need for communication within the project;
- Formal vs. informal means of communication;
- Amount of communication and communication flows:
(a) How frequent?
(b) How open?
(c) Were there any differences in communication during the phases of the project?
VIII. INTERNATIONALISM
27. Aspects of Internationalism in MICs:
- Need for international participation(resources, scientific 
reasons);
- Division of labor;
- Political/legal problems;
- National differences;
- Advantages/disadvantages of internationalism.
IX. ASPECTS OF TECHNOLOGY USED IN M I C s:
8. Instrument Construction (self-built, contracted out, purchased, instrumentation not needed).
28. Innovation vs. "Technical Conservatism".
X. INTERPERSONAL AND PROFESSIONAL RELATIONS
29. Level of Conflict:
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(a) Between scientists and engineers;
(b) Between researchers and project management;
(c) Between teams;
30. Conflict Over Allocation of Credit.
31. Conflict Over Assigning Priority of Research Topics.
32. Response to Disagreements:
- were there any disagreements about decision-making or about 
evaluation and interpretation of results, priority, etc.
- how they were resolved.
39. Degree of Trust.
42. Pecking Order and Interpersonal Relations:
-To what extent do collaborators occupy distinct roles 
or did people work into what ever job is at hand?
XI. DATA ACQUISITION AND SHARING
33. Extent of Standardized Data Processing vs. Use of Raw Data.
34. Data Sharing.
35. Replication/Duplication:
-Did teams check, or have any concern for accuracy of others'
results. Was that because:(a) They needed them as background information or (b) It was 
necessary for the general reputation of MIC.
-Did time or other pressure cause 
problematic results?
-If there was an overlap in research by two or more teams, 
and if this led to improvements or to conflicts.
XII. DOCUMENTATION AND ARCHIVING
43. Documentation of Communication with Competitors (written, 
electronic, etc.).
44. Type of Documents during Preparatory Stage of the Project.
45. Record-Keeping of Discussion of Personnel lssues(!etters, 
memos, E-mail).
46. Means and Records of Communication within and among Teams in 
MIC.
47. Communal Records and Archiving during Data Collection.
48. Present Location(s) and Responsibility for the Data.
49. Volume of Records of MIC.
50. Preservation of Documents Related to MIC.
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Which sectors instigated the collaboration?




4. Government contract labs
5. Corporate
6. Several sectors
Was there a dominant sector in the instigation of the project? 
V6(N) Dominant sector in the instigation of the project
DOMSEC 1. Yes
0. No
Did the project's plans receive scrutiny from authorities outside the scientific community like 
Congressional committees or White House offices?
V9(N) Scrutiny from outside authorities
SCRUTINY 1. Yes
0. No
Did the funding agency/agencies have to reorganize in order to manage the project?




What sectors were represented in this project?
V 11 (N) Sectoral composition of the project
292





4. Government contract labs
5. Corporate
6. Several sectors
To what degree was the collaboration built on pre-existing working relationships between 
scientists or "brokered" relations among competitors?
V13A(0) Degree to which the collaboration was built on pre-existing relationships
PREEXIST 3. High degree
2. Medium degree
1. Low degree




How many organizations were involved in the project?
V14(C) Number of participating organizations
NUMORG Actual number of organizations
How many subcontracts to outsiders by the project as a whole?
V14a(C) Number of subcontracts to outsiders
NUMSUB Actual number of outside contracts
What was the peak number of participants in collaboration?
V15(C) Peak number of participants in the collaboration includes scientists, graduate
NUMPART students, postdocs,engineers)
Actual number of participants
What was the number of separate teams?
V16(C) Number of participating teams
NUMTEAM Actual number of participating teams
What was the number of graduate students working on the project?
V17 Number of graduate students
NUMGRAD Actual number of participating graduate students
To what degree did graduate students participate in the collaboration?
V18(0) Degree of participation of graduate students
GRADPART 3. High degree
2. Medium degree
1. Low degree
What was the percentage of costs for personnel and the percentage of costs for instruments, 
research facilities and materials?
V19a(C) Percentage costs for personnel
PPERSON Actual percent of costs for personnel
V19b(C) Percentage costs for instruments and equipment
V13B(0)
BROKERED
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PINSTRUM Actual percent of costs for
instrumentation
How long did it take from the formulation of the original idea for ihe project to funding?
V20(C) Length from formulation of original idea to funding
LTOFUND Actual number of years (if the length was less than a year, it
was coded as a fraction of 1 year)
How long was it from funding to first publication of 
findings?
V21 (C) Length from funding to first publication
LTOPUBL Actual number of years (if the length was less than a year, it
was coded as a fraction of 1 year)
Was there a lead center or a host organization?
V22(N) Presence of lead center (host organization)
LCENTER 1. Yes
0. No
(If yes) W as it located in a permanent organization?
V22a(N) Location in a permanent organization
PERMORG 1. Yes
0. No
Were there any contracts drawn up between lead centers and teams or among teams?
V23(N) Presence of written contracts
CONTRACT 1. Yes
0. No
Was there a designated scientific leader?
V25(N) Presence of a designated scientific leader
SCLEADER 1. Yes
0. No
Was there a designated administrative/engineering leader?
V26(N) Presence of an administrative/engineering leader
ADLEADER I . Y e s
0. No
Did one outrank the other?
V27(N) Dominance of type of leader
OUTRANK 1. Yes
0. No
Did the collaboration have its own advisory committee(s)?
V28(N) Presence of advisory committee
ADVISCOM 1. Yes
0. No
Was there any clear-cut division of labor within the collaboration?
V29(N) Division of labor




How many levels of authority were there in the collaboration?
V30(C) Levels of authority (degree of subordination)
LOFAUT Actual number of levels of authority
Compared with an academic science department with a chair, professors, and graduate 
students, would you call the levels of authority more, the same, or fewer.




Overall, was there a well-established system of rules and regulations about responsibilities, work 
and reporting?
V31 (N) Presence of systems of rules and regulations
SYSRULES 1. Yes
0. No
Was there a coordination of schedules of teams within the project?
V32(N) Coordination of schedules
COORDSCH 1. Yes
0. No
How flexible was the timetable?
V34(0) Flexibility of timetable
FLEXI 3. Very flexible
2. Somewhat flexible
1. Not flexible
Compared with an academic science department, how would you estimate the degree of stress 
induced by deadlines/scheduling?





Did time pressure cause problematic results?
V36(N) Problematic results caused by pressure
PROBRES 1. Yes
0. No
Did the collaboration ever formally evaluate itself?
V37(N) Formal internal evaluation
SELFEVAL I .Y e s
0. No
Was it ever evaluated from the outside?
V37a(N) Outside formal evaluation




We'd like to get your understanding about what levels, from participating scientist to funding 
agency, made decisions about various types of issues.
(a) First, scientific issues
V38a(N) Levels of decision making on scientific issues
SCISSUES 1. Funding agency
2. Host Institution (lab director)
3. Advisory Committee
4. Administrative or Engineering Leader
5. Scientific Leader
6. Collaboration Executive Committee
7. Collaboration as a whole
8. Participating Scientists
(b) Personnel issues
V38b(N) Level of decision making on personnel issues
PERSONN 1. Funding agency
2. Host Institution (lab director)
3. Advisory Committee
4. Administrative or Engineering Leader
5. Scientific Leader
6. Collaboration Executive Committee
7. Collaboration as a whole
8. Participating Scientists
(c) Other resource issues
V38c(N) Level of decision making on issues other than scientific and personnel(time,
OTHERRI money, instrumentation)
1. Funding agency
2. Host Institution (lab director)
3. Advisory Committee
4. Administrative or Engineering Leader
5. Scientific Leader
6. Collaboration Executive Committee
7. Collaboration as a whole
8. Participating Scientists
Compared with an academic science department, would you characterize the manner in which 
decisions were made as hierarchical or consensual?
V38d(0) Style of decision making(in comparison with academic departments)
DECMAK 4. Strongly hierarchical
3. More hierarchical than consensual 
2. More consensual than hierarchical
1. Strongly consensual
Was there a division between administrative and intellectual authority?
V38e(N) Presence of division between administrative and intellectual authority




What was the degree to which the leadership subgroups or leader were making decisions as 
against collaboration-wide meetings?




What was the degree of freedom of individual teams with regard to:
(a)lnstrumentation?




(b)To what degree did individual teams share data?




(c)To what degree were teams autonomous in analyzing shared data?




(d)ln other matters, how autonomous were (are) the units?




Did your project include any significant international collaboration?
V40(N) International participation
INTERN AT 1. Yes
0. No
Was there any pressure or restrictions from the home organization on the researchers involved 
in the collaboration? (tenure, promotion, salary decisions, etc.)
V41 (N) Pressure from home organization
HOPRESS 1. Yes
0. No
Were most investigators devoted full-time or part-time to the collaboration?
V42(N) Type of participation
INVOLVE 1. Full-time
0. Part-time
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To what degree was the project a central interest of the main collaborators?
V 43(0 ) Commitment of main collaborators
COMMIT 3. To a high degree
2. To a medium degree
1. To a low degree
W as there a communications center?
V44(N) Presence of communications center
COMCENTE 1. Yes
0. No
Were the most common means of communication formal or informal?




How frequently did the teams communicate with the lead center?
V 46a(0) Frequency of communication with the lead center
FRCOLC 1. Less than once a month
2. Once a month
3. Once a week
4. Several times a week
5. Daily
How candid was this communication?
V46b(0) Candidness of communication with the lead center
CANDLC 4. Very candid
3. Comparatively candid
2. Not very candid
1. Not candid at all
How frequently did the teams communicate with each other?
V 47a(0) Frequency of communication between teams
FRCOMBT
1. Less than once a month
2. Once a month
3. Once a week
4. Several times a week
5. Daily
How candid was this communication?
V47b(0) Candidness of communication between teams
CANDBT 4. Very candid
3. Comparatively candid
2. Not very candid
1. Not candid at all
Did the collaboration put a lot of effort into designing any equipment for its dedicated use? 
V48(N) Designing own equipment
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D ESEQ U IP 1. Yes
0. No
Did the collaboration but a lot of effort into building any equipment for its dedicated use? 
V49(N) Building own equipment
BUILEQUI 1. Yes
0. No
Did the___________ (instrument, equipment, detector, procedure) represent a major advance in
the state of the art?
V50(N) Presence of technological innovation
ADVANCE 1. Yes
0. No
Were there subcontracts with outsiders to obtain the instrument?
V51 (N) Subcontracts with outsiders
SUBCONTR 1. Yes
0. No
How much research, development, or design work did the subcontractor do?








Were the raw data reconstructed, measured, summarized or somehow prepared to facilitate their 
use in addressing scientific issues?
V54(N) Raw data modification
RAWDATA 1. Yes
0. No
Was software already available to use for this task or was it custom-written for this project? 
V54c(N) Own computer programming
SOFTWARE 1. Already available
0. Custom-written
Who was given initial access to the data? Did the Pis and their teams make agreements with 
other teams for the use of each other's data?
V55(N) Agreements for data sharing
PIAGREE 1. Yes
0. No
Overall, did teams check the accuracy of others' results?
V56(N) Checking of collaboration results
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D ATCH ECK  1. Yes
0. No
Did the collaboration manage the topics which were to be analyzed by its individual members? 
V57(N) Management of topics for analysis
TOPICMAN 1. Yes
2. No
In data analysis, were there overlaps in topics addressed by collaborators?




Did the collaboration manage external communication to the scientific community by its 
individual members?
V59(N) Management of external communication
EXCOMMA 1. Yes
0. No
Were there any external clearances required to report the findings and methods of your project 
to the scientific community? (proprietary interests, national security)
V60(N) Restrictions for reporting collaboration results
RESTRICT 1. Yes
0. No
Did the project's findings attract public or political attention?
A. Public attention




V61b(N) Political interest in the collaboration
POLATTEN 1. Yes
0. No
What were the collaboration's relations with the public? More specifically,
(a) Was there a public relations office or officer or was this function the main responsibility of the 
designated leader or host institution?
V62a(N) Formalization of public relations
PRO 0. No
1. There was a public relations office/officer.
2. The designated leader was responsible.
3. The host institution was responsible.
4. The separate institutions were responsible
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(b) Did the collaboration produce press releases?
V62b(N) Presence of press releases
PRESSR E 1. Yes
0. No




In every collaboration there are some disagreements and problems. Now within the 
collaboration:
How serious were the disagreements:
(a) Between teams;
V63a(0) Seriousness of disagreements between teams
BTDISAGR 4. Very serious
3. Somewhat serious
2. Not very serious
1. Not serious at all
Over assigning priority to research topics;
V63aa(0) Priority disagreements between teams
BTPRIOR 4. Very serious
3. Somewhat serious
2. Not very serious
1. Not serious at all
Over allocation of credit;
V63ab(0) Credit allocation disagreements between teams
BTCREDIT 4. Very serious
3. Somewhat serious
2. Not very serious
1. Not serious at all
(b) Between junior and senior members;
V63b(0) Seriousness of disagreements between junior and senior members
JSDISAGR 4. Very serious
3. Somewhat serious
2. Not very serious
1. Not serious at all
Over assigning priority to research topics;
V63ba(0) Priority disagreements between junior and senior members
JSPRIOR 4. Very serious
3. Somewhat serious
2. Not very serious
1. Not serious at all
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Over allocation of credit;
V63bb(0) Credit allocation disagreements between junior and senior members
JSCREDIT 4. Very serious
3. Somewhat serious
2. Not very serious
1. Not serious at all
(c) Between scientists and engineers;
V63c(0) Seriousness of disagreements between scientists and engineers
SEDISAGR 4. Very serious
3. Somewhat serious
2. Not very serious
1. Not serious at all
Over assigning priority to research topics;




2. Not very serious
1. Not serious at all
Over allocation of credit;
V63cb(0) Credit allocation disagreements between scientists and engineers
SECREDIT 4. Very serious
3. Somewhat serious
2. Not very serious
1. Not serious at all
(d) Between researchers and project management.
V63d(0) Seriousness of disagreements between researchers and project management
MGDISAGR 4. Very serious
3. Somewhat serious
2. Not very serious
1. Not serious at all
Over assigning priority to research topics;
V63da(0) Priority disagreements between scientists and project management
MGPRIOR 4. Very serious
3. Somewhat serious
2. Not very serious
1. Not serious at all
Over allocation of credit;
V63db(0) Credit allocation disagreements between scientists and project management
MGCREDIT 4. Very serious
3. Somewhat serious
2. Not very serious
1. Not serious at all
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Within the collaboration, were there any disagreements about evaluation and interpretation of 
scientific results?
V64(N) Disagreements about scientific results
INDISAGR 1. Yes
0. No
What was the degree of trust compared with your experiences in an academic department?
(a) Towards researchers on other teams;




(b) Towards the project management.




To what extent did collaborators occupy distinct roles or did people work on whatever job was at 
hand?
V66(N) Occupation of distinct roles
DISTINCT 2. Minimally distinct roles
1. Distinct roles
0. No distinct roles
How successful do you think this project was as compared to your other scientific work?
V67(0) Successfulness of project
SUCCOWN 4. Very successful
3. Somewhat successful
2. Not very successful
1. Not successful at all
How successful do other people think it was?
V68(0) Other people's opinion of successfulness of project
SUCCOTH 4. Very successful
3. Somewhat successful
2. Not very successful
1. Not successful at all
To what degree did this project accomplish what it originally proposed to do?
V69(0) Performance of the collaboration (level of accomplishment)
ACCOMPL 3. More
2. About the same
1. Less
Was the project finished on time?
V70(O) Timely manner of completion





Was the project finished on budget?




Assuming the project was scientifically interesting, would you be attracted to another 
collaboration which was organized in a similar manner?
V71 (O) Interest in future collaborations
INTEREST 4. Very interested
3. Some what interested
2. Not very interested
1. Not at all interested
To what extent are collaborations necessary for doing rsearch in your discipline?
V 72(0 ) Necessity of collaborations




1. Not necessary at all
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APPENDIX D. JUSTIFICATION OF DIMENSIONS AND VARIABLES SELECTED FOR
CLUSTER ANALYSIS
This technical note discusses the justification of the final dimensions left for performing 
cluster analysis and the variables selected for this type of analysis within each of these 
dimensions. Both conceptual and empirical considerations came into play in deciding to reduce 
the number of the twelve original dimensions. The general strategy was that we need to try to 
simplify and cut down the number of variables, so that a more easily interpretable solution will be 
obtained in view of the comparatively small sample size. Several criteria were applied in this 
process.
First, dimensions which were suitable to be used in later analysis as dependent 
variables were excluded from the cluster analysis. These were the performance measures 
(successfulness of the project, whether it was finished on time and on budget and whether it 
achieved the initially set goals), the archival variables, and the conflict subdimensions 
(disagreements between categories of people on various topics). This decision was in 
accordance with the major goals of the present sociological analysis—to create a social 
organizational typology of multi-institutional collaborations and to see how cluster membership 
(along groups of social organization variables) affects certain dimensions of interest (the 
dependent variables above).
Second, some variables did not exhibit any variability, either because they were 
improperly measured, or because the collaborative projects in our sample were uniform with 
respect to those characteristics. Examples include whether the lead center was located in a 
permanent organization, which was a constant, agreements between Pis to share each others’ 
data, whether raw data were summarized or modified before analysis and some others.
Naturally, all such variables were dropped from the cluster analysis.
Third, conceptually some groups of dimensions can be perceived as being similar 
enough to belong together. When two general dimensions can be easily combined, this makes 
for a clearer and better interpretable clustering of collaborations. For instance, aspects of 
technology used in MICs and data acquisition and sharing were substantively close enough to be 
put together in one group. This was further facilitated by the fact that we had a comparatively 
small number of variables in each group and some were excluded for lack of variation. Another 
example of combining two general dimensions was the joining of external relations and internal 
communication into one group, which was called communication. The rationale was that both are 
in a certain sense measuring interaction—either with outside actors and agencies or internally 
within the collaboration. Therefore, we can try to reduce them to one block of variables for the 
purposes of cluster analysis. Furtheron, internationalism was subsumed under participation, 
since the question measuring internationalism asks about the presence of significant 
international participation.
The most difficult case to deal with here were the structural dimensions. It was decided 
that we have sufficient substantive grounds to collapse structure and administration, as well as 
centralization and power into one group, which was categorized as "organization and 
management". The grounds for doing so were that decision-making, centralization and power 
are really aspects of the organizational structure, as are composition, bureaucratization and 
administration. Thus the final seven dimensions selected for cluster analysis were: project 
formation, magnitude, organization and management, interdependence, participation, 
communication, and technological practice.
Fourth, it turned out after the bivariate analysis that some variables did not relate to 
other important characteristics of multi-institutional collaborations in science. Examples of such 
properties are percentage costs for personnel, percentage costs for instruments and equipment, 
the extent to which MICs were necessary for doing research in a particular discipline, whether 
participants were interested in taking part in future collaborations, frequency of communication
305
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with the lead center and between teams, candidness of such communication. Therefore, such 
variables were not included in the cluster analysis.
Fifth, because of the nature of this statistical procedure, variables which are discrete 
nonorderable could not be used in cluster analysis. For example, it makes no sense to try to 
classify persons on the basis of their similarity (measured by-let’s say—distance) with respect to 
race, since we cannot justify how we decide whether blacks are more similar to whites or to 
Asians. We had several variables of that level of operationalization-level of decision-making on 
scientific issues, level of decision-making on personnel issues, level of decision-making on 
matters of time, money and instrumentation, public relations. These dimensions were not taken 
into consideration in cluster analysis.
Sixth, once it was finally decided to retain seven broad dimensions for cluster analysis, 
a further reduction of the data was carried out, using factor analysis. This was necessary, 
because we still had a large number of variables left, some of which seemed to measure similar 
aspects of the same phenomenon. Thus, exploratory factor analysis seemed to be the natural 
choice to try to identify a smaller number of underlying dimensions (factors) that supposedly 
would account for the expected observed correlations among these variables (indicators). Since 
it is most often used as a preliminary analytical procedure to either yield factor scores or factor 
based scores (see Hatcher 1994) to be used in later analysis as variables (in this case for cluster 
analysis), it is especially appropriate for our purposes. Principal components was used as the 
extraction method and both orthogonal and oblique rotations were applied. Moreover the scree 
test provided an easy graphic way to discern a plausible factor pattern, since factors below an 
eigenvalue of 1 tended often to be located on a flattening curve. The eigenvalue represents the 
amount of the total variance explained by each factor. Thus, it highlights the importance or 
contribution of each factor.
At this point several words of caution are in order. We used factor analysis mainly as an 
exploratory device to attempt to identify possible latent scales, which will give us sufficient 
justification for creating indices (or, as they are also called factor based scores). However, only 
clear-cut solutions were used as basis for index-construction. One reason for that was that 
several recommendations for doing exploratory factor analysis were not met because of the 
nature of our data set. Thus, it is sometimes suggested that sample size should be larger than 
100 subjects or that the number of respondents should be at least five times the number of 
variables being analyzed (Hatcher 1994, p. 73). Since the number of cases in our aggregated file 
was 23 collaborations, this first recommendation could not be met. Sometimes the second 
recommendation was taken into consideration (when less than five variables were submitted to 
factor analysis), but more often than not it was violated. Some authors also consider that it is 
desirable to have at least three variables loading on each factor when the analysis has been 
completed (Hatcher 1994, p. 73). In several cases there were only two variables ostensibly being 
strongly correlated with one factor. Nevertheless, it was decided to go ahead and create an 
index, since for any separate factor analysis the number of input variables was not large in order 
to obtain a more reliable solution. Of course, that was done only in cases where exploratory 
factor analysis lended strong support that two variables belonged to a particular 
factor(underlying dimension). A further complication arose from a recommendation to test for 
sampling adequacy, known as the Kayser-Meyer-Olkin(KMO) measure. It compares the 
magnitudes of the simple correlation coefficients and those of the partial correlation coefficients 
(see SPSS Professional Statistics 6.1, pp. 52-53). In less than half of the factor analyses that 
were run KMO was higher than .50. Measures in the .50's are considered "miserable", and those 
below .50-"unacceptable"(SPSS Professional Statistics 6.1, p. 53). Solutions, where KMO was 
over .50 were retained, although results may be dubious due mainly to the small sample size in 
relation to the number of variables examined. An indication that this could be the case were the 
higher KMO measure values that we were getting when the number of variables was decreasing. 
A final difficulty concerns the degree of satisfying the assumptions underlying factor analysis
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(see Hatcher 1994, p. 126). The first such assumption is for the variables to be measured on at 
least an interval level. Most of the indicators used to carry out factor analysis for our data were 
dichotomous. However, it is common practice in empirical research in the social sciences to 
include in exploratory factor analysis variables that have an underlying continuous dimension. 
This is exactly the rationale adopted in our case. Variables that conceptually could be treated as 
having such an underlying dimension were submitted to the factor procedure. For example, 
although we coded public attention toward the collaboration as a dichotomous variable, one 
could argue that there is an underlying continuous dimension, since we could speak of "no 
attention", "very little attention", "modest attention", "reasonable attention", "a fair amount of 
public attention", and so on. As far as the normality of distribution of variables goes, most of our 
variables were normally distributed, but this is a hard condition to meet, since we had a small 
sample size. The last assumption-of random sampling from the population of interest- is clearly 
not met in our case. The issue of selection bias will be addressed in detail elsewhere, so we 
need not dwell on that here.
Due to all these problems, encountered in running exploratory factor analysis, it was 
considered necessary to treat the results as suggestive and not as conclusive. For the same 
reasons a choice was made not to resort to factor scores, while performing subsequent analysis, 
since the factor solution was not totally reliable, but to use factor based scores (indices) instead. 
Those were created by averaging and not by summation of the variables that loaded heavily on a 
particular factor, since in this way we can preserve the initial range of measurement (e.g. if we 
create an additive index of three dichotomous variables the range theoretically can change from 
0 to 3, whereas if we average the three indicators the index will theoretically have the same 
range, i.e. from 0 to 1).
Indices created on the basis of exploratory factor analysis are discussed briefly under 
the appropriate sections. For some general dimensions the separate variables were preserved 
for cluster analysis, since factor analysis did not yield satisfactory results with regard to any 
common underlying concept(s). For others, only indices were used, since we had a clear 
solution involving several well-defined factors. Finally, there were instances where it was most 
reasonable to use a mixture of indices and separate variables, because some variables did not 
load unequivocally on any single factor.
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A PPEN D IX  E. D ES C R IPT IO N  OF TH E  D ATA  FILES
The univariate, bivariate, and multivariate analysis presented in the dissertation were 
obtained from two data sets. First, I created a file containing information from the individual 
interviews with scientists (henceforth referred to as "the individual file"). Next, I constructed a file 
where collaborations constituted the separate cases (henceforth referred to as "the 
collaborations file"). The first data set was compiled by coding the transcripts of interviews, 
conducted over the last year and a half by the AIP team. The total number of interviews was 
seventy-eight, representing twenty-three collaborations. The average number of interviews per 
collaboration was slightly over three.
Once the individual data were entered in an SPSS format, this data set was aggregated 
to create the collaborations file, which is the primary data source for the following analysis. The 
latter contained 23 observations-one unit of analysis for each collaboration-by averaging 
information on each of the variables. Each aggregated variable was then examined in relation 
to the individual component scores to determine the most reasonable aggregate score.
Aggregate file variables were recoded to reflect the closest approximation to this "best summary" 
of the opinions of the individual scientists who were involved in a particular collaboration.
The mode, the median, or, in a few cases, the opinion of the scientific leader was used. 
The mode was used as the primary selection factor, since it represents more accurately than the 
median and the mean the prevalent opinion or estimate of the designated trait. (In the case of a 
collaboration represented by three interviews, the mode would indicate an agreement of at least 
two informants). However, in some cases there was not a clearly defined mode, or there were 
two. Then the median served as a second way to capture the best value for a particular variable. 
Finally, if this last criterion also failed, the value produced by the interview with the scientific 
leader was applied.
A simple example of this strategy will suffice. If we have four respondents from the 
same collaborative project, two of whom described trust towards the project management as 
"high" (coded as 3), one said it was "medium" (coded as 2), and one said "low" (coded as 1), 
then in the collaborations file this variable was entered as 3 ("high"), using the mode. If, on the 
other hand, we had three instead of four respondents, and if all their answers differed, we would 
probably prefer to use the median (since there is no mode). Suppose, however, that the original 
four respondents were answering a question coded as a categorical variable such as the source 
of decision-making on scientific issues. If two of them answered "executive committee" (coded 
as 6), and two answered "participating scientists" (coded as 8), there is no mode, and the 
median does not make sense ("7" codes for another category). Our best choice in this case is to 
use the leader's opinion.
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